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PREFACE. 



Physical Geography, in the highest sense of the term, is the Science of the Earth as a great individual organization. In this 
science the material body of the globe, with its atmosphere, the myriads of plants and animal forms living upon it, and man himself, as a 
part of the life-system, are not only considered in themselves, but in their mutual relations, as working together towards a common end. 
Though entirely resting upon the solid basis of observed phenomena, it does not stop there. Its aim is pre-eminently the discovery of 
the laws which govern these phenomena, and of the grand chain of causes and effects which explains the mode of their occurrence. 

Such a study requires an extensive knowledge of facts drawn from the domain of all the natural and physical sciences, which cannot 
be expected of the youthful student, and a habit of generalization which does not belong to the early stages of mental development. A 
full treatment of Physical Geography and its intricate problems is, therefore, more in place in the highest institutions of learning than in 
our general school system. 

But by far the greater number of the youth in our schools will never enter the walls of a college or university. A glance, however, 
at the subjects treated in the present work, will convince every thoughtful mind that, in this age of universal education, it would be a 
grievous mistake to send this multitude into the wide world of active life, without some knowledge of the laws of these natural phenomena, 
in the midst of which we live and move. 

The mariner on the stormy sea, the agriculturist at home, the merchant embracing the world in his commercial ventures, the far-seeing 
statesman — all have a direct interest in knowing the course of the winds, the laws of the distribution of heat and rains, which regu- 
late the abundance or scarcity of crops, determine the special nature of the useful productions in every part of the inhabitable globe, and, 
in consequence, the resources and the intercourse of the civilized nations. 

The problem to be solved in preparing the work was to furnish to the pupils of higher grades a general outline of Physical Geog- 
raphy which, by its simplicity and conciseness, would be suited both to the amount of general information they are expected to possess, 
and the limited time available for this study in the school course. This task the author has attempted to perform without sacrificing the 
special character of the science. All parts of the subject are presented in their true relations, as the writer conceives them, and in their 
proper subordination. They form a body of facts strongly connected together by ties of mutual dependence, which, once well understood 
and thoroughly mastered, in the spirit of the book, cannot fail to be easily and forever remembered, while, at the same time, they estab- 
lish a sound basis for future progress. 

In every part of the work a striet geographical point of view has been preserved. From the kindred sciences — geology, natural 
philosophy, meteorology — only such facts and principles have been borrowed as were necessary to illustrate geographical phenomena. In 
the exposition of the life-system the associations of plants, animals, and races of men in geographical groups, characterizing the great 
natural divisions of the globe, have been defined, and not the botanical, zoological, or ethnological classifications. 

To enliven the presentation of the subject by vivid descriptions of remarkable phenomena, or countries, would have been a pleasant 
and easy task, but the prescribed space forbade any such indulgence. A text-book can be but little more than a skeleton designed to give 
solidity, and to put order and method in the structure to be erected. To the intelligent teacher belongs the privilege of clothing these 
dry bones with forms of life and beauty. But the teacher and the pupil will find an invaluable help in the analyses placed at the end of 
the sections, and it is hoped that the latter will be thus induced to perform that mental process without which a real acquisition of knowl- 
edge is simply impossible. 

The numerous maps constitute in themselves a work as laborious as it is indispensable. They have been prepared with great care, and 
are thought to embody the results obtained to the present day in this domain of scientific inquiry. The illustrations have been selected 
strictly with a view to instruct the pupil, and not simply to adorn the pages of the volume ; and the execution of the work gives ample evidence 
that the publishers have spared neither pains nor expense to do justice to the subject, and extend the usefulness of this manual. 

This volume closes the series, now complete, of the geographical text-books which the author had engaged to prepare for our public 
schools. It represents the highest of the three normal stages of study, alluded to and fully defined in the preface of the lower books, and 
in the accompanying manual of geographical teaching. Experience has shown that, in the hands of the proper teacher, — and we ought 
not to have any others, — these manuals carry the pupil to the aim with ease, and by gradual and sure steps. It is a most gratifying fact 
that the method on which they are based has received the full indorsement of the best educators both in this country and abroad. 

To those who, having used the first books of this series, have patiently waited for this work, the author begs to express his sincere 
regret that an unexpected interruption in his usual health, which rendered a prolonged absence necessary, should have retarded, for more 
than two years, the issue of this volume. 

With this last offering the author takes leave of the youth of our schools, and their teachers, with an already well-grounded assur- 
ance that more than a half score of his best years, earnestly devoted to the introduction of a method of instruction more rational than 
that of mechanical memorizing, — which is still the bane of too many of our schools, and the strongest barrier to all progress, — have 
not been spent in vain for the cause of public education. • 

ARNOLD GUYOT, 
Pbincetox, New Jersey, April 25, 187& Blair Professor of Physical Geography and Geology, College of New Jersey. 



NOTE TO THE REVISED EDITION. 

In preparing new plates for this work, the publishers have taken occasion to make such corrections in the text as were rendered necessary by recent 
advances in geographical knowledge. The maps also have been newly engraved ; and in their present form they not only represent the best skill of the 
engraver's art, but also embody the freshest data attainable in scientific research. 

The work of revision has been done ft pursuance of the plans of the lamented author, so far as these were known. Our acknowledgments are 

due to Professor William Libbey, jun., and Mr. Ernest Sandoz, of Princeton, N.J., both of whom were intimately associated with Dr. Guyot during 

manv years of his most arduous scientific work. 

IVISON, BLAKEMAN, TAYLOR, & COMPANY. 
New York, Feb. 1, 1885. 
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PART I. 
THE EARTH. 
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I.— NATURE OF PHYSICAL GEOGRAPHY. 



I. Subject of Geographical Science. 

The Earth, as an individual organization with a definite 
structure, character, and purpose, is the subject of geographical 
science. The globe as a whole, the three great geographical 
elements which it comprises, — theland, the water, and the 
atmosphere, — and the organic life Wich it supports, each pre- 
sents peculiar classes of phenomena which it is the province of 
the scientific geographer to investigate, both in their individual 
character and their mutual relations. 



II. Points of View in which the Earth may be studied. 

The Earth, as the subject of geographical science, may be 
two different points of view : — 
In itself, as a master-piece of Divine workmanship, per- 
fect in all its parts and conditions. 

2. In its purpose, as the abode of Man, the scene of his 
activity, and the means of his development. 

The first gives rise to the Geography of Nature, the second 
to the Geography of Man. 



THE EARTH IN THE UNIVERSE. 



III. Geography of Nature. 

The mode op treatment in the geography of nature may 
be either simply descriptive, or scientific. 

1. Descriptive natural geography, or Physiography, 1 is a 
simple description of the surface of the globe — of the position, 
extent and character of the lands ; the distribution and extent 
of the waters ; and the nature of the climate and productions 
in different parts of the Earth. It forms the basis of scientific 
geography. 

2. Scientific natural geography, or Physical Geography 
proper, not only describes the various phenomena exhibited by 
the Earth as an individual organization, but seeks to discover 
the laws which govern them, and investigates their relations, 
causes, and consequences. This department of geography is 
frequently, and very properly, called Terrestrial Physics. 2 

IT. Problems of Physical Geography. 

Among the problems which physical geography aims to solve 
are the following : — 

1. What laws govern the situation, extent, outlines, and 
relief 8 of the land masses? 

2. What is the influence of the relief of the continents upon 
the formation of their systems of rivers and lakes? 

8. What is the cause, the extent, the connection, and the 
influence of the great oceanic currents t 

4. What is the fundamental law of the distribution of heat 
upon the surface of the globe ; what modifications of this law 
are observable ; and how are those modifications produced ? 

5. What general atmospheric movements have been observed, 
and what is their cause, course, and influence ? 

6. What laws control the periods, distribution, and amount of 
rain upon different portions of the globe ; and how is the existence 
of vast rainless regions in certain latitudes to be accounted for? 

7. What general laws govern the distribution of vegetable and 
animal life upon the globe, and how are these laws related to 
the character and well-being of the human family ? 

V. Results of a Study of Physical Geography. 

A careful study of physical geography tends to lead the mind 
to the conclusion that the great geographicaU constituents of our 
planet — the solid land, the ocean, and the atmosphere — are 
mutually dependent and connected by incessant action and reaction 
upon one another ; and hence, that the Earth is really a wonder- 
ful mechanism, all parts of which work together harmoniously to 
accomplish the purpose assigned to it by an All-wise Creator. 

YI. Physical Geography distinguished from Geology. 

1. Geology, sometimes wrongly included in physical geogra- 
phy, is the study of the Earth under quite another aspect. It 
describes, in their succession, the past ages of the globe, before 
the creation of man, and seeks to give a true history of the 
long periods of gradual formation by which it was made ready 
for the reception of mankind. 

* 

Like all other bodies in nature, the Earth had its periods of slow, gradual for- 
mation, preceding its completed state. The rocks composing the solid mass of 
the land were long ages in forming; the continents emerged by slow successive 

1 From two Greek words, phtuit, nature, and grapho, to write. 

* From the Greek phwtikoi, pertaining to nature. Terreitrial, belonging to the Earth. 

* Elevation of the surface. 



steps from beneath the sea, system after system of mountains contributing to their 
final figure and relief; tribes of animals and plants, differing from existing species, 
appeared successively in vast numbers, during untold periods of time. These 
successive stages of progress form the materials for the science of geology. 

2. Physical Geography, on the contrary, concerns itself only 
with the present completed condition of the globe ; thus it begins 
where geology ends. Its natural subdivisions are as follows : — 

1. The Earth as a whole, 

2. The Land. 
8. The Water. 

4. The Atmosphere. 

6. The Life upon the globe. 

ANALYSIS OP SECTION I. 
I. Babjeet of Geographical Science. 

H. Points of View In Geographical Study. 

1. Earth considered in itself. 

2. Earth considered in its purpose. 

ft. Results. \ 

III. Geography of Nature. 

1. Modes of treatment DisTnraursBBD. 

2. Physiography. 

a. Definition. 

b. Derivation of name. 

e. Relation to higher study. 
8. Physical Geography. 

a. Definition. 

b. Other name, derivation of. 

IT. Problems Investigated by Physical Geography. 

1. Relief, etc., of Land Masses. 

2. Influence of Relief on Drainaob. 
8. Ocean Currents. 

4. Distribution of Heat. 
6. Atmospheric Currents. 

6. Laws op Rain -fall. 

7. Distribution of Life oh Globe. 

V. Results of Geographical Study. 

1. Geographical Constituents connected and mutually dependent. 

2. The Earth a Mechanism designed for a Definite Purpose. 

YI. Distinction between Geology and Physical Geography. 

1. Geology studies Past Conditions. 

2. Physical Geography studies Present Conditions. 

8. Subdivision of Physical Geography. 



17. — THE EARTH IN THE UNIVERSE. 

I. The Universe. 

The Universe is a general term used to represent the entire 
material creation. Our knowledge of it, however, is confined to 
a partial acquaintance with the Earth and its sister planets, 
and some general ideas in regard to the more distant heavenly 
bodies, whose existence is revealed to us only by the light they 
shed upon the earth. 

II. The Starry Heavens. 

1. The Heavenly Bodies, which occupy the immensity of 
space, appear to be arranged in groups, or systems, sweeping 
through immeasurable circuits. 

Our Sun is the self-luminous centre of a group of small 
non-luminous bodies called Planets,* which reflect his light, 
and, revolving around him, accompany him through space. 
Our Earth is one of these planets. These solid bodies, together 
with a few apparently gaseous and partially self-luminous 
bodies called Comets, form the Solar System. 

The fixed stars, which aflprn the heavens in countless num- 
bers, are suns, — many ot them of vastly greater magnitude 
than our Sun, — some revolving around one another, while 

* Planet, from the Greek planao, to wander. 
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others, possibly, are the centres of planetary systems like ours. 
They are at such vast distances from us that their light alone 
is within the reach of our observation. 

2. The Magnitude of the Stabet Heaven is such that 
our entire solar system, extending over an area 5,550 mil- 
lions of miles in diameter, is only a point in the boundless 
space. 

A ray of light from the Sun, travelling 185,600 miles in a second 
of time, reaches Neptune, the most distant known planet, in a 
little more than four hours ; but it requires more than three years 
to reach the nearest fixed star, and three years more to reach the 
next. It may travel on, from system to system, for two or three 
thousand years before reaching the limits of the starry heavens 
visible to the naked eye. 

III. 9ebul». 

Separated from our starry heavens by empty abysses of incon- 
ceivable magnitude, are other heavenly bodies called nebula, of 
which more than 6,000 have been observed. 

Some of these, seen through the most powerful telescopes yet 
produced, appear only as small shining clouds, whence their 
name. 1 Others have been found to be composed of multitudes 
of stars, apparently clustered together, but doubtless as widely 
separated as the stars above us. Thus there may be other starry 
heavens, possibly yet more extensive than that which* gladdens 
our eyes. 

IT. Insignificance of the Earth, 

The Earth, therefore, vast as it seems to the feeble mind of 
man, is only one of the smaller members of a little family of 
planets. The Sun, the all-controlling centre of this family, with 
a multitude of other suns, forms one group of stars in the im- 
mensity of the visible heavens ;' while the measureless firmanent 
itself is filled with myriads of star clusters, which " declare the 
glory of God " and " show forth his handiwork." 



ANALYSIS OF SECTION IL 

X. The Universe. 

1. SisirmoANci ow term. 

2. Extent of our knowledge of it. 

II. The Starry Hesvrens. 

1. Heavxhly Bodies grouped. 
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b. Fixed Star., j DU|Unoe 
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a. Extent of Solar System. 

b. Distance of nearest fixed stars. 

c Distance of bounds of visible stars. 
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1. Their Position. 

2. Their Number. 

3. Their Appearance. 

4. Their Probable Character. 
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IT. Comparative InslgnlJtoam 

1. The Earth in Solai 

2. Solar System in Suishshcoup. 
8. Sun Groups in Visible Heavens. 
4. Star Clusters in Firmament. 



i From the Latin nebula y a little cloud. 



III. — THE EARTH IN THE SOLAR SYSTEM. 

I. Bodies composing the Solar System. 

The Solar System consists of the Sun, — the central and con- 
trolling body, — eight primary planets, and twenty secondary 
planets or satellites revolving around their several primaries; 
more than one hundred and twenty asteroids,* which are small 
planets visible only through the telescope; and an indefinite 
number of comets. 

The primary planets are separated by the asteroids into two 
groups of four each, one between the asteroids and the Sun, the 
other beyond them. Recent observations render probable the 
existence of another planet between the Sun and Mercury. 

II. Primary Planets. 

1. Relative Position. The primary planets, in the order 
of their position, are Mercury, — the nearest to the Sun, — Venus, 
the Earth, and Mars composing the first group ; Jupiter, Saturn, 
Uranus, and Neptune composing the second. 

2. Comparative Size. The size of the planets, in general, 
increases with their distance from the Sun. The four composing 
the first group are all comparatively small, the Earth being the 
largest. Those of the second group are all of great size. Jupiter, 
the largest, is not less than 1,390 times as large as the Earth ; but 
as it is much less dense, the amount of matter it contains is only 
a trifle more than 337 times that of the Earth. All the plp&ets 
together equal but y^ part of the mass of the Sun. 

3. Compabative Density. The density of the planets de- 
creases with their distance from the Sun. Mercury, the most 
dense, has a specific gravity 8 of 8£, a little greater than that of 
iron ; the Earth, 5£ ; and Venus and Mars about the same ; Jupi- 
ter, 1 J ; and Saturn, the least dense of all the planets, but £, or 
about the same as cork. 

4. The Distance between the Primary Planets increases 
with their increasing distance from the Sun. Reckoning the 
asteroids as one place, and excepting Neptune, the distances of 
the successive orbits from the orbit of Mercury increase in very 
nearly a twofold ratio. Thus from Mercury to Venus is 31 mil- 
lions of miles ; to the Earth, 56 millions ; to Mars, 105 millions, etc. 

The four smaller planets are all comparatively near the Sun, 
their several distances from it being only 36, 67, 92, and 141 mil- 
lions of miles ; while Jupiter, the nearest of the great planets, 
is 481 millions of miles distant. Neptune, the most distant, is 
2,775 millions of miles away. 

5. The Satellites, except our moon, and the two satellites 
of Mars, belong wholly to the second group of planets. Jupiter 
has four; Saturn eight, and several revolving rings; Uranus 
has four, and possibly more ; while Neptune, so far as known 
with certainty, has but one. 

III. Movements within the Solar System. 

1. Rotary Motion. The Sun, all the primary planets, and 
their satellites, as far as known, rotate from west to east. Each 
rotation constitutes a day for the rotating body. The central 
line of rotary motion is called the axis of rotation, and the ex- 
tremities of the axis are called- the Poles. 

2. Revolution around the Sun. All the primary planets 
and asteroids revolve around the Sun in the direction of their 
rotation, that is from west to east; and the planes 4 of the 

* These may be fragments of a former great planet occupying the same place in the system. 

* Weight as compared with an equal bulk of pure water. 

* The Ideal plane in which their circular path is conceived to lie. 



ESEKVED, 

LINE. 






_Aatcrt>!dK Jupltrr 



COMPARATIVE DISTANCES OF THE PLANETS FROM THE SUN. 
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orbits in which they revolve coincide very nearly with the plane 
of the Sun's equator. 1 One revolution around the Sun con- 
stitutes the year of a planet. 

All the satellites, except those of Uranus and perhaps Nep- 
tune, also revolve from west to east. 

Most of the comets revolve around the Son in very irregular and elongated 
orbits, only a few having their entire orbit within the planetary system. Some 
so move that after having entered our system and made their circuit around the 
Sun, they seem to leave it, never to return. 

3. Velocity of Planetary Movements. The velocity of 
the planets in their annual revolutions decreases as their distance 
from the Sun increases. Mercury moves at the rate of nearly 
2£ millions of miles per day, and the Earth 1J millions; while 
Neptune advances at the slower pace of little more than -J of a 
million. 

The velocity of rotation, on the contrary, is least in the smaller 
planets which are near the Sun, while it is greatest in the 
larger and more distant ones. The former require from 28J to 
24J- hours of our time for one rotation ; while the latter, except 
Neptune, whose rotary velocity is not known, accomplish an en- 
tire rotation in from 9J 
to 10J hours. 

4. Time op Revo- 
lution. As the orbits 
of the planets increase 
in circumference with 
their distance from the 
Sun, and their velocity 
at the same time dimin- 
ishes, the time of revolu- 
tion, or length of the year, 
increases correspond- 
ingly. Mercury per- 
forms a revolution in 
about 88 days of our 
time ; and the Earth, in 
865^ ; while Jupiter re- 
quires 4,332, and Nep- 
tune 60,126 days. 

5. The axes of all 

the planets, so far as IBB OBBIT . 

known, are more or less 

inclined towards the planes of their orbits. This inclination 
causes an apparent passing of the Sun from one hemisphere to 
the other during the course of the annual revolution, thereby 
producing variation in the relative length of day and night, and 
change of seasons. The greater the inclination of the axis, the 
greater is the variation in the length of day and night, and 
the more extreme the contrasts in temperature during the year 
at any given point. 

The Earth seems to present a happy medium in thiB respect. 
Its axis is inclined about 23^ °, 3 sufficient to give the larger part 
of its surface four seasons of nearly equal length, — Summer, 
Winter, and two transition seasons of medium temperature, — 
with day and night varying from 9 or 10, to 14 or 15 hours; 
while but a small area, extending 28J degrees from each pole, is 
ever entirely deprived of the Sun's rays during one or more ro- 
tations of the Earth. The two polar^gions combined occupy 
but ItiJ millions of square miles, ou^BlOT millions, the entire 
surface of the Earth. 
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If the axis of the planet renin be, as Is supposed, inclined 72°, then In the 
course of its annual revolution the Sun must be vertical on every part of its 
surface except a little area extending 15° from the poles, where It Is so nearly 
vertical as to produce scarcely less heat than if It were so. Thus every part of Its 
surface must alternate between excessive heat during one half the year, and In- 
tense cold, from an almost entire absence of the Sun's rays, during the other half. 

6. Eccentricity of Planetary Orbits. The planetary 
orbits are not exact circles, but are more or less elliptical, the 
Sun being situated not at the centre, but at one of the foci 
of the ellipse. The distance of either focus from the centre is 
called the eccentricity of the ellipse. On account of this eccen- 
tricity the distance of a planet from the Sun, and its velocity of 
revolution, vary in different parts of its orbit- 
Some of the planets are so much nearer the Sun in one por- 
tion of their orbit than in another, that the degree of heat re- 
ceived varies greatly in different seasons of the year. Thus 
Mercury receives, when nearest the Sun, about 2J times as much 
heat as when most distant from it, a difference equal to the va- 
riation in temperature between summer and winter in the middle 
latitudes of our globe. 

The Earth, on the contrary, revolves in an orbit but slightly 
eccentric. lis nearest 
approach to the Sun oc- 
curs in the winter of the 
northern hemisphere, 
where the larger part of 
the land is concentrated. 
Hence, if this slight ec- 
centricity of the orbit has 
any appreciable effect 
upon climate, it must 
be to moderate the cold 
of winter, and the heat 
of summer, in the most 
populous zone of the 
globe. 

IT. Advantages in Con- 
ditions of the Earth. 

The Earth is thus 
, THI BiBTB . subject to physical con- 

ditions intermediate be- 
tween the extremes presented by the other planets. 

It is the largest of the smaller planets, and occupies a middle 
position in the group. This frees it alike from the blinding 
glare and burning heat to which Mercury is exposed, and the 
dimness of light and the cold which must prevail on distant 
Jupiter and Neptune. 

The comparative velocities of its diurnal and annual motions, 
the trifling eccentricity of its orbit, and the slight inclination of 
its axis, establish a harmony in the relative length of its days, 
years, and seasons, and its alternations of temperature and of 
light and darkness, such as cannot exist in most of the other 
planets. 

Thus the Earth appears better fitted than any other member 
of the solar system for sustaining that great wealth of organic 
life — vegetable, animal, and human — with which it is endowed, 
and which constitutes its greatest glory. Indeed, whatever may 
have been the past, or may be the future of the other planets, it 
is doubtful whether, at the present time, any one of them pos- 
sesses those physical conditions under which alone a life-system 
at all similar to ours is possible. 



THE TERRESTRIAL GLOBE. 



ANALYSIS OF SECTION III. 

I. Bodies Composing the Solar System. 

1. Sun, its Rank. 

2. Primary Planets, their Number. 

3. Satellites, Number and Relation to Primaries. 

4. Asteroids, Number and Size. 

5. Comets. 

0. Grouping of Planets. 

II. Primary Planets. 

1. Relative Position. 

2. Comparative Size. 

a. Law of Increase. 

b. Size of first group. 

c. Size of second group. 

d. Total mass compared with Son. 
8. Comparative Density. 

a. Law of decrease. 

b. Specific gravity of email planets. 

c. Specific gravity of Jupiter and Saturn. 

4. Planetary Distances. 

a. Law of Increase. 

b. Distance of small planets from Sun. 

c. Distance of great planets from Sun. 

5. Satellites. 

a. To which group belonging. 

b. Number accompanying each great planet. 

III. Movements within Solar System. 

1. Rotary Motion. 

a. Direction. 

b. Resulting measure of time. 

c. Centre. 

2. Revolution around the Sun. 

{Primary planets. 
Asteroids. 
Satellites. 

b. Measure of time. 

c. Revolution of comets. 

3. Velocities of Planetary Motions. 

a. Law of variation in revolution. Examples. 

b. Law of variation in rotation. Examples. 

4. Time of Revolution. 

a. Law of variation. Example. 

5. Axis of Rotation. 

a. Law of position. 

b. General effect of inclination. 

c. Earth, degree of inclination. Results. 

d. Venus. Supposed degree of inclination. Results. 

6. Eccentricity of Orbits. Definition. 

■ 

a. Mercury, Comparative Eccentricity. Results. 

b. Earth, Comparative Eccentricity. Results. 

IV. Advantages In Physical Condition of Earth. 

1. Of Position in Solar System. 

2. Of Velocity of Motions, Eccentricity of Orbit, and In- 

clination of Axis. 



IV. — THE TERRESTRIAL GLOBE. 

ITS FORM; VOLUME; MASS. 

I. Form of the Earth. 

1. The Earth, as ascertained by mathematical measure- 
ments, is an oblate spheroid, being slightly compressed about 
the poles, and slightly bulging in the equatorial regions. The 
difference between the polar and the equatorial radius is only 
13J miles. 

2. This deviation from a perfectly spherical figure is such as would be 
produced by the rotation of a slightly plastic * globe upon its axis. It indicates 
that the Earth, in some period of its existence, must have been in a semi-fluid 
condition. 

II. Volume or Bulk of the Terrestrial Globe. 

1. The term volume, as applied to the Earth, signifies its 
size or dimensions, as shown by measurements, irrespective of 
the amount of matter contained in it. 



2. The dimensions of the Earth, according to Herschel are : — 
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7,925.65 miles. 
7,899.17 " 
7,916 
24,899 
196,900,278 square miles. 



Equatorial diameter 

Polar 

Mean 

Circumference at equator 

Extent of surface . . . 

Solid contents . . . 260,000,000,000 cubic miles. 

3. The approximate dimensions, expressed in round num- 
bers for convenience in remembering them, are — diameter, 
8,000 miles ; circumference, 25,000 miles ; extent of surface, 197 
millions of square miles ; solid contents, 260 thousand millions 
of cubic miles. 



III. Mass of the Globe. 

1. The term mass, as applied to the Earth, signifies the 
amount of matter it contains irrespective of its volume. 

Material substances differ greatly in the mass of matter contained in a given 
volume. Thus a cubic foot of stone weighs 2± times as much as a cubic foot of 
water, that is, contains 2£ times as much matter; in other words, its specific 
gravity is 2£. The specific gravity of iron is 7±, that of lead 11$, of gold 19. 

2. The specific gravity of the terrestrial globe is found to 
be about 5$ ; that is, it would require 5$ globes of water, of the 
same size, to balance the weight of the Earth. 

3. The matter composing the surface of the globe is much 
less dense, having a specific gravity of but 2J ; consequently the 
interior must be correspondingly denser. Hence we conclude, 
either that metallic substances predominate in the interior of 
the globe, or that the matter therein is very greatly compressed. 

4. The absolute weight of the globe is computed at not 
less than 5,852,000,000,000,000,000,000 of tons, a weight of 
which our minds can form no conception. 



ANALYSIS OF SECTION IV. 

I. Form of the Earth. 

1. Figure of thk Earth. 

2. Deviation from Perfect 8pherb. 

a. How produced. 

b. Proves what. 

II. Volume of Terrestrial Globe. 

1. Signification of term Volume. 

2. Exact Dimensions of Globe. 

a. Equatorial Diameter. 

b. Polar Diameter. 

c. Mean Diameter. 

d. Equatorial Circumference. 

e. Extent of Surface. 

f . Solid Contents. 

3. Approximate Dimensions. 

a. Diameter. 

b. Circumference. 

c. Surface and solid contents. 

III. Mass of Terrestrial Globe. 

1. Signification of term Mass. 

Examples. 

2. Specific Gravity of Globe. 

3. Specific Gravity of Surface Regions. Conclusion. 

4. Absolute Weight of Globe. 



1 Capable of being moulded or shaped. 



V. — THE TERRESTRIAL GLOBE. 

ITS CIRCLES, .UI^SuiiFACE MEASUREMENTS. 

I. Circles of Position. ™ 

1. The terra Circle, in geographical science, is used in a special 
sense. The geographical circles are not plains cutting the terres- 



THE TERRESTRIAL GLOBE. 



trial globe, but simply lines encircling it. Those which bisect the 
surface of the sphere are called great circles ; all others, small circles. 

2. Great Circles. The Equator is a great circle encom- 
passing the globe from east to west, midway between the 
poles. Meridians are great circles encompassing the globe from 
north to south, intersecting at the poles, and crossing the equa- 
tor at right angles. 

3. The Parallels are small circles parallel to the equator. 

4. Use. The parallels and meridians, which are conceived 
as intersecting at every point on the Earth's surface, are em- 
ployed in determining the geographical position of places. 

II. Climatic Circles. 

1. Climatic Parallels. Four parallels serve not only to 
determine position, but also to mark certain important climatic 
boundaries, hence they may be distinguished as climatic parallels. 

The Tropics, situated 23J° from the equator, mark the high- 
est latitude which receives the vertical rays of the Sun. Their 
position is fixed by the inclination of the Earth's axis 23£ 
degrees towards the plane of its orbit. 

On the 21st of June the vertical Sun, in its diurnal course, passes over every 
point on the northern tropic; on the 22d of December, over every point on the 
southern. Twice in the year it passes, 
in succession, over every parallel be- 
tween the tropics; from June to De- 
cember advancing southward, from 
December to June, northward. (See 
page 70, Positions cftke Vertical Sun.) 

The Polar Circles, situated 
23£° from the poles, mark the 
limits of illumination when the 
Sun is vertical at the tropics. 
Each is 90° distant from the 
tropic on the opposite side of 
the equator. 

2. The Ecliptic is a great 
circle whose plane coincides 
with that of the Earth's orbit, and consequently intersects the 
plane of the equator at an angle of 23J°. It marks the ap- 
parent path of the vertical Sun from tropic to tropic during 
the annual revolution of the Earth. The ecliptic bisects the 
equator, and touches the two tropics in opposite latitudes, and 
on opposite meridians. 

III. Surface Measurements. 

1. Latitude is the distance of a place from the equator, meas- 
ured upon the meridians. It is reckoned from the equator to 
each pole; hence there are 90° of north latitude and 90° of 
south latitude. 

The length of a degree of latitude is 69£ miles, or ^\-$ part of 
the circumference of the Earth. Near the poles the degrees are 
slightly longer, owing to the oblateness of the sphere. 

2. Longitude is the distance of a place east or west from some 
given meridian, called the prime meridian, measured on the equa- 
tor. It is reckoned half way round the globe in each direction ; 
thus there are 180° of east longitude and 180° of west longitude. 

The length of a degree of longitude at the equator is 69£ 
miles. As the parallels constantly diminish in circumference 
from the equator to the poles, the l&igth of a degree of longi- 
tude — j^jf part of each parallel — VKt decrease in like manner. 
At the poles, where all the meridians meet, longitude ceases. 
One minute of longitude at the equator constitutes the geo- 
graphical or nautical mile used in reckoning distances at sea. 




MERIDIANS AND PARALLELS. 



TABLE SHOWING THE CIRCUMFERENCE OF EVERY FIFTH PARAL- 
LEL, AND THE LENGTH OF ITS DEGREES IN ENGLISH MILES. 



Latitude. 


Circumference 
of Parallel. 


Length of degree 
of Longitude. 


Latitude. 


Circumference 
of Parallel. 


Length of degree 
of Longitude. 


Equator 0* 


24,809 


69.164 


45* 


17,636 


48.988 


6 


24,805 


68.902 


60 


16,036 


44.545 


10 


24,523 


68.120 


55 


14,314 


39.760 


15 


24,056 


66.822 


60 


12,481 


34.669 


20 


23,406 


65.018 


65 


10,552 


29.310 


26 


22,580 


62.721 


70 


8,541 


23.726 


80 


21,581 


69.948 


75 


6,465 


17.957 


86 


20,418 


56.718 


80 


4,338 


12.049 


40 


19,100 


53.055 


85 


2,177 


6.048 


46 


17,636 


48.988 


Pole 90 


0,000 


0.000 



The prime meridian commonly employed by the English and 
the Americans, is that of the National Observatory at Green- 
wich, near London. The French and German geographers also 
use the meridian of the observatory at Paris, and the Americans 
often employ that of the National Observatory at Washington. 1 

The meridian of 20° west from Paris, falling somewhat beyond 
Ferro, the most westerly of the Canary Islands, is also employed as 
prime meridian ; and, lying at the west of all the lands of the 
Old World, it has been generally adopted as the most appro- 
priate boundary between the eastern and the western hemisphere. 

*°*^ IV. Relation of Longitude 

to Time. 

1. Computation of Lon- 
gitude by Time. Since any 
given point on the Earth's sur- 
|- face passes through 360° of 
longitude — one entire rota- 
tion — in 24 hours, it must 
pass through s ^°, or 15°, in 
one hoiir ; and 1° in ^ of one 
hour, or 4 minutes. Hence if 
the difference in time marked 
at two places be known, their 
difference in longitude can at once be ascertained, and vice versa. 

Suppose, for example, an accurate time-keeper, marking New- York time, be 
taken to London: it will be found four hours and fifty-six minutes, or 206 min- 
utes, slower than London time. Hence the difference in longitude, expressed 
in degrees, must be one-fourth this number, or a J fi = 74°. 

2. Difference of Time marked at the same Moment. 
The moment at which the Sun crosses the meridian of a given 
place, is noon or mid-day at that place. The meridian which is 
90°, or a quarter of a rotation, to the eastward has six hours 
later time at the same moment; and one which is 180° east, 
twelve hours later. Meridians at corresponding distances to 
the westward have «. corresponding number of hours earlier 
time ; so, in proportion, of less distances. 

The diagram below illustrates the different time marked in different longi- 
tudes at the same moment : — 
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CLIMATIC CIRCLES. 



180° 
_J 



WE8T. 



_1_ 



East. 
90* 



+ 



1MT 



12 A.M. 

Monday, or mid- 
night of Sunday. 



6 a.m. 
Monday. 



Noon 
of Monday. 



6 p.m. 
Monday. 



12 P.M. 

Midnight of 

Monday. 



Thus it happens that mariners^ starting from a given point and sailing around 
the world to the west, lose a day in making the circumnavigation ; while in sail- 
ing eastward they gain a day. To correct this error, in the former case they 
must, at some point, add one day to their reckoning of time, making the date 
24 hours later, and in the latter case drop a day. 



1 The International Meridian Conference which met in Washington in October, 1884, recom- 
mended the adoption of the meridian of the Greenwich Observatory as the prime meridian, for 
all nations. 



THE TERRESTRIAL GLOBE A MAGNET. 



ANALYSIS OF SECTION V. 

<( Of Pool Hon. 

1. Geographical Use or the term < 

2. Gheat Circles. 

b. Meridians. 



4. Use. 
II. Climatic Circle*. 



b. Polar Circli 



Definition of. 
Position to what dot 

Definition of. 

PoaiLioo In rsfe 



II. Snrfaee Msa 



1. Latitude. 

a. Definition. 

b. Nnmber of degrees. 

c. Length of degress. Exception. 
3. LonaiTUDE. 

a. Definition. 



a. Sum! 



of deg 



e. Length of degrees >i the eqt 

im — —-its: 

IT. Relation of Lmigltude to Time. 

1. COHPUTATIOK OP LONSITDDE FBOH I 



■rt differ, 



navigating the globe. How ec 



' VI.— THE TERRESTRIAL GLOBE A MAGNET. 

I. Magnetism. 

1. A Magnet is a body which has the property of attracting 
iron ; and the term Magnetism is applied to the cause of this 
attraction and the resulting phenomena. Magnetism was known 
to the ancients, having been first observed in the loadstone, a 
species of iron ore found in abundance near the city of Mag- 
nesia, in Asia Minor, whence 

the magnet takes its name. 

2. Artificial Magnets 
may be readily produced by 
friction. A bar of steel 
rubbed with a natural, or 
other, magnet acquires per- 
manent magnetic properties. 
The magnetic needle is an ; 
artificial magnet suspended 
upon a pivot, so as to move 
freely in any direction. The 

Chinese availed themselves ■amheb'b oobfam. 

of it, in traversing the track- 
less deserts of central Asia, long before the use of the compass 
was known in Europe. 

The mariner's compass is a magnetic needle attached to the lower aide of a 
leaf of mica, on which Is traced a star with 32 points, marking the eight rhumbs, 
the semi-rhumbs, and the quarters of the wind. The compass is suspended 
in a box so as to preserve a horizontal position in spite of the motion of the 

II. Properties of Magnets. 

1. The magnetic force is not equally distributed through- 
out the magnet, but is greatest at the extremities, diminishing 
towards the centre, where it ceases. Every magnet, therefore, 



has two poles, at opposite extremities, — one positive, the other 
negative, — with a neutral line in the centre. They are distin- 
guished as the north pole and the south pole. Poles of the same 
name repel, and those of contrary name attract each other. When 
a magnet is broken, each half becomes itself a complete magnet. 
The illustration below represents a magnet which has been plunged into a 
basin of iron filings. These cluster in great numbers around the ends, each 
piece In contact with the magnet attracting others ; bnt they are absent from the 
centre, where the opposite poles neutralize each other. 



% The Earth a Magnet. The terrestrial globe exhibits 
the properties of a magnet in the directing power it exerts upon 
the magnetic needle. Whether on sea or land, on mountains 
or in deep valleys, a magnetic needle, if free to move, always so 
adjusts itself that its poles point in a definite direction, along a 
line which is virtually north and south. 

That pole of the needle which is attracted by the north mag- 
netic pole of the Earth, must be in an opposite magnetic con- 
dition. Hence it is the proper south pole of the magnet, but 
since it points toward the geographical north, it is designated 
the north pole. 

8. The Magnetic Poles of the Earth do not coincide 
with the poles of rotation, but are found about 20° from them. 
Neither do the magnetic meridians, which pass through the 
magnetic poles of the Earth and those of the needle, generally 
coincide with the geographical meridians, for the needle rarely 
points due north. 

III. Magnetic Variation or Declination. 

1. Magnetic variation, or declination, is the difference 
between the true north and 
the direction indicated by the 
magnetic needle. The decli- 
nation is said to be east or 
west, according as the north 
pole of the needle is east or 
west of the geographical me- 
ridian. 

By connecting all points which 
have equal declination, we obtain 
a system of tines which shows at a 
glance, as in the map on page 9, the 
extent to which the needle deviates 
from the true north, In all parts of 
the world. The eastern declination 
is distinguished on this map by dotted lines and a light brown color; the western 
by solid lines in a blue ground. The degree of variation is shown by figures 
attached to the lines. 

The lines qf equal declination, at all points on any one of which the needle 
preserves one unvarying direction, must not be confounded with magnetic 
meridians which, passing through the poles of the needle, would show what 
that direction actually is. 

In certain parts of the globe the magnetic and geographical me- 
ridians coincide. These places are connected by an irregularly 
curved line called the line^f no variation. One such line lies 
in the eastern, another in the western, hemisphere. 

The eastern passes through the western portion of Australia, 
near the west coast of India, and across the Caspian and White 
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TEMPERATURE OF THE TERRESTRIAL GLOBE. 



IV. Magnetic Inclination. 

Definition - . Magnetic inclination Is the dip, or departure from a horl- 
xontal position, of a needle suspended so as to move freely In a vertical plane, 
and adjusted In the magnetic meridian. In the northern hemisphere, the north 
pole of the needle dips, In the southern, the south pole. 

2. Degree of Dip. The magnetic inclination in greateitt at the magnetic 
pole, where the needle assumes a vertical position. Passing towards the equa- 
tor the Inclination becomes less and less, until a line is reached in which the 
needle is horizontal. 

The line of no inclination constitutes a magnetic equator, and the lines of equal 
Inclination, magnetic parallels. They coincide In a remarkable manner with the 
Isothermal*, or lines of equal mean temperature on the globe, thus indicating a 
close connection between the distribution of magnetism and of solar heat. 

3. Vahiatioxs. Magnetic Inclination, like declination, is subject to both 
periodica] and ace ul a r variations. The latter Is shown by the following table: — 



INCLINATION OBSERVED AT PARIS. 



Yeab. 


Inclination. 


v.... 


, w. 


v.... 


Inclination. 


1JW 


»* — 
Tl* «' 
W IV 


1814 ! 


1 -». 

98" 38' 


1824 .... 
1843 '.'.'.'. 


67* W 

«r as- 



Since the year 1071, It appears, tbe Inclination of the needle at Paris has 
steadily decreased from three to Ave minutes per year. 



ANALYSIS OF SECTION VI. 



X. The Eari 



i. How exhibited. . 

b. I'ole. of magnet. 

:. Bobdlvl.lon of magnet. 

a. Pro, 



a by it. 



jostle iwvdle. 
c. Relative ponliiou of poieiof needle and of Eartb. 

3. MlHNtTlC- I'OLKB OF ElBTU. 

•- Their geographical poeltlon. 

b. Magnetic mrrldlnns. 

c. Direction of magnetic needle 

III. Magnetic DevUnaUon. 

1. Definition. 

a. UdhuI no declination. 



). Dlrteiinn of declination. ■ 



Rendition. Number. 
Position. 

!E*at beniiepbere. 
Weet nemiautaere. 
3. 8BCTJIJB V* BUT [OH. 
m. Definition. 

b. Reiulu of oheemillon In Parti. 
(1) Eilenl of variation. 
(I) Minimum and minimum. 

Direction of change before 1814. 



(4) B 



) Dlret 



ange aluo 



3. MlHOR YlRIATlOXI 



IV. Magnetic InollDHtlo 
1. DEnsraos. 



t. Debbie of Dip. 

b. Magnetic equator and parallel*. 
I. Variation of Inclination. 

a. Klnde of variation. 

b. KeaiilH of obwrvatlon in farle. 



VII. — TEMPERATURE OF THE TERRESTRIAL GLOBE. 

I. Evidences of Internal Heat. 

That the interior of the terrestrial globe maintains a high tem- 
perature, independently of the influence of the Sun upon tbe 
surface, is proved by a variety of phenomena. 

1. Warm Springs are numerous in nearly all parts of the 
Earth, varying in heat from a degree but slightly above the 
mean annual temperature of the place where they occur, to 
the boiling point. 

The temperature of ordinary springs and wells does not differ materially 
from the mean annual temperature of the ground and the air above it, and 
Is comparatively uniform throughout the year. Thus in winter the water la 
warmer than the air; in sum- 
mer, colder. 

Explanation of the cut. 
The geysers seem to be due 
to the unequal heating of a 
column of water in an open 
vertical shaft, traversing hot 

Steam escapes when the 
temperature of the water en- 
ables Its expansive force to 
overcome the pressure of the 
atmosphere, viz., at 212° 
Ku.hr. , at sea level. But at 
the bottom of a shaft of 68 
feet, for instance, the press- 
ure being equal to three at- 
mospheres, a much higher 
degree of heat Is required. 
When this la reached, steam 
is formed, which, in ascend- 
ing, partially expels the water 
from the sliaft. The press- 
ure being thus relieved, new 
masses of steam develop 
rapidly, and tbe explosions 
become so frequent, and the 

i successive jets so powerful, 
as to form a continuous col- 

I unm ot boiling water and 
vapor rising in the air. 
When the explosions cease, 
the water, now cooled, falls 
back Into the shaft, and after 
a time of rest the process 



The correctness of this 
view Is confirmed by the fact 
that the temperature within 
the shaft Increases towards 
the bottom. In tbe Great 
Gey Her of Iceland, Bunsen 
found the temperature at the 
surface of the water to be 
from 189° to 102° Fahr. ; but 
at the depth of 72 feet It was 
< 261° before an eruption, and 
252° after, or from 40° to 50° 
higher than boiling water. 

Springs, of whatever 
temperature, are sira- 

TU hubtess dsieaa. (See page 11.) ^ ^ ntnm „ f water 

to the surface, after circulating among the Earth's strata 1 at a 
greater or less depth. When it entered the ground it could not 
have been wanner than the surrounding atmosphere ; hence the 
higher temperature of warm, or thermal, springs must have been 
imparted to the water by #n strata among which it has circulated. 
2. Active Volcanoes are found in all latitudes, ejecting, from 
time to time, streams of red-hot lava ; hence it is evident that at 

1 Bedt of earth or rock, formed by nutuml cauaet, and uiUEdly conalellngof a •erica of layers. 



TEMPERATURE OF THE TERRESTRIAL GLOBE. 



some place within the Earth there exists a degree of heat suffi- 
cient to melt even the solid rock. 

3. Artesian Wells and Mines permit the actual observa- 
tion of the internal temperature of the Earth to the depth of 
about 3,000 feet, and the results corroborate the inference drawn 
from thermal springs and active volcanoes. 

II. Thermal Springs. 

1. Thermal springs are mo»t numerous in mountainous or vol- 
canic regions, where the strata are most disturbed, broken, 
and creviced. 



ing large quantities of carbonic acid gas, as the waters of Pyrmont and Seltz in 
Germany, Spa. in Belgium, and Vichy in France. (2) The sulphurous, as the 
White Sulphur springs in West Virginia, and the Saratoga springs In New York. 
(8) Saline springs, abounding in common salt, numerous in all parts of the 
world. (4} Chalybeate springs, containing salts of Iron, abundant in all coun- 
tries rich in iron mines. (5) Complex springs, containing a variety of salts 
without the special preponderance of any one. 



III. Artesian Wells and Mines. 

1. Formation of Artesian Wells, The commonly re- 
ceived theory supposes a geographical basin, of greater or less 
extent, in which 



Europe is 
probably the. 
richest of the 
continents in 
warm springs. 
Over 800 have 
been described 
in France, 400 j 
in Spain, and a 
still greater 
number in Ger- 
many, Bohemia, 
Switzerland, It> 
aly, and Eng- 
land, some of 
which have a 
temperature as 
high as 180° 
Fahr. 

2. Intermittent 

spouting springs^ IHE OBIU , SI „„ „,„, or TH1 ,„,,„„ 

or Geysers l — 

whose temperature reaches or even somewhat exceeds 212° 
Fahr. — are found in Iceland, also near the head waters of the 
Yellowstone River in the Rocky Mountains, and in New Zea- 
land. They are all in volcanic districts. 

The Great Qeyter of Iceland is the most famous of these Intermittent springs. 
It ejects at intervals, from a vertical chimney, a column of water sometimes ten 
feet in diameter, and nearly a hundred feet 
in height. Even more remarkable are 
the Giantestt, throwing a column of water 
over two hundred feet high, the Grand 
Geyser, and other springs in the extensive 
geyser basin of the Madison, Snake, and 
Yellowstone rivers in Wyoming Territory. 
(See explanation, page 10.) 

The so-called geysers of Cali- 
fornia, near Mount St. Helena, 
north of San Francisco Bay, are 
simple boiling springs, neither 
spouting nor intermittent. Boil- 
ing springs also occur in Vene- 
zuela and the Andes of Peru, South America; in Japan, 
and in various other regions both in the New World and the 
Old. 

3. Thermal springs usually are highly impregnated with min- 
eral substances, a condition facilitated by the increased solvent 
power of warm water. 

Mineral springs are classified according to the gaseous or the mineral sub- 
stances they contain. The principal classes are — (1) The acidulous, contain- 

*i intermittent 



two lmpermea- 

. ■>«jr > We 2 strata, like 

. -jbs*-. - day, enc ] oae pg. 

tween them a 
permeable stra- 
tum, like Band 
or gravel. The 
rain water, fall- 
ing on the latter 
where it reaches 
the surface of 
the ground, fil- 
ters through it, 
following the in- 
clination,and ac- 
cumulating in 
the lower levels, 
where it is re- 
tained by the im- 

permeable strata 

above and be- 
low. (Such a 
formation is shown in the small cut below, of a well in the 
London basin.) 

If the drill, in boring a well, reaches such a water-bearing 
bed below its highest level, the water rises in the well to 
that level; or if the highest level of the bed be above that 
of the mouth of the well, the water spouts out like a foun- 
tain. 

The artesian well is so called 
from the province of Artois, in 
France, where such wells have 
long been in use. 

2. Observations in Wells. 
(1) Sow Made. Observations on 
temperature are made with self- 
registering thermometers, low- 
ered to different depths. They 
furnish the means of ascertaining 
the rate of increase in the in- 
ternal temperature of the globe, 
starting from the mean annual — or invariable — temperature 
of the ground, which is found at a greater or less distance 
below the surface. 

The surface layers of the soil are affected by the varying heat of the seasons, 

ng colder in winter and warmer in summer ; but the variations gradually 

ninish below the surface, to a point at which the temperature Is constant 

throughout the year. This point gives the mean annual temperature of the 

ground, which is equal to that of the air above. In the equatorial regions, 

where the seasons are nearly uniform in temperature, it Is found a few feet 
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below the surface ; but it descends, with increasing latitude, as the difference 
between the summer and winter temperature of the air increases. In middle 
latitudes it is found about sixty or eighty feet below the surface. 

(2) Where Made. Among the wells in which valuable ob- 
servations have been made are the following : one at Columbus, 
Ohio, 2,775 feet deep ; at Louisville, Kentucky, 2,086 feet ; at 
St. Louis, Missouri, 2,199 feet; at Grenelle, near Paris, 2,021 
feet deep ; at Neu-Salzwerk, in Germany, 2,288 feet ; and at 
Mouillelonge, in Central France, 2,677 feet. 

(3.) Result of Observations. The following table, giving the 
result of observations in the above-named wells, shows that 
the temperature invariably increases with increasing depth, but 
the rate of increase is different in different wells. 



Well. 


Depth of Observation. 


Temp. Fahr. 


Rate of Increase. 




2,775 
2,086 
2,199 
2,677 
2,288 
1,798 


88.0* 
82.6 # 
80.4 # 
1O1.O 
92.5 # 
82.4* 


1 # for 73 feet. 
1* « 72 " 
1° " 88 " 
1° " 61 " 
1« " 66 " 

r «« 68 " 



3. Observations in Mines exhibit similar results. The 
increase of heat downward is constant, but the rate of increase 
often differs widely even in mines not very far apart, owing 
probably to difference in the nature of the rocks. 

In the Prussian mines, where observations have been made with the greatest 
care, the most rapid rate observed is 1° Fahr. for 27 feet of descent ; and the 
slowest, 1° for 197 feet, the average being 1° for 02 feet. In the mines of Sax- 
ony the average increase is 1° for 72 feet ; in six of the largest mines in England, 
1° for 44 feet ; and in the coal mines of Virginia, 1° for 60 feet. Even the 
frozen soil of Siberia, having a temperature near the surface of but 10°, shows 
a steady increase downward at a rate which would free the soil from frost at the 
depth of 600 feet. 

4. The average of all known observations, whether in arte- 
sian wells or mines, shows an increase of heat towards the inte- 
rior of the Earth, at the very rapid rate of about 1° Fahr. for 
every 55 feet. 

5. Conclusion. If this average rate continues without in- 
terruption, the temperature of boiling water must be reached 
at the depth of 9,000 feet, 

or less than two miles from 
the surface ; and at the 
depth of thirty miles the 
heat would be sufficient to 
melt the most refractory 
substances. 

There is, however, some 
reason to believe that the 
rate of increase becomes 
slower at greater depths; 
and that the solid crust of 
the Earth, enclosing the 
melted mass, has a thickness varying from 50 to 100 miles. 

The active volcanoes, pouring out torrents of fiery lava, demon- 
strate that the conclusion drawn from observations of the 
Earth's internal temperature is not a fanciful one ; for the vol- 
canic phenomena are too general and too closely connected with 
the great fractures of the Earth's crust to be accounted for, as 
has been attempted, by merely local chemical causes. 

ANALYSIS of SECTION VII. 

I. Evidences of Internal Heat of Globe. 

1. Warm or Thermal Springs. 

a. Distribution and temperature. 




'', '■*"."»'/; 



a a Strata not volcanic. 

e Gone of eruption. 



b Chimney. 



FORMATION AND STRUCTURE OP VOLCANIC CONES. 



b. Source of waters. 

c. Source of warmth. 

2. Active Volcanoes — conclusion from. 

3. Artesian Wells and Mines. 

a. Depth of observations. 

b. Result of observations. 

U. Thermal Springs. 

1. Situation and Temperature. 

a. Where most numerous. 

. „ _. (Number. 

b. European springs. X _ 

* * * (Temperature. 

2. GBY8ER8, HOW EXPLAINED. 

a. Temperature. 

b. Where found. 

c. Great geyser described. 

d. Other remarkable geysers. Geysers of California. 
8. Waters of Thermal Springs. 

a. Character. 

b. To what due. * 

c. Classification. 

HX Artesian Wells and Mines. 

1. Formation of Wells described. 

a. Supposed conditions. 

b. Effect of drilling. 

c. Origin of name. 

2. Observations in Wells. 

a. How made. 

b. Temperature of ground. 

c. Mean annual temperature found where. 

d. Observations. Where made. 

e. Results. 

3. Observations in Mines. Examples. 

4. Average Result of all Observations. 
6. Conclusion from all Observations. 

a. Temperature at 9,000 feet. 

b. Temperature at thirty miles. 

c. Probable thickness of Earth's crust. / 

d. Conclusion, how sustained. 



VIII. — RESULTS OF INTERNAL HEAT— VOLCANIC 

PHENOMENA. 

I. Nature and Formation of Volcanoes. 

1. A volcanic mountain is usually of conical form, with a 
circular basin or depression, called a crater, at its summit. In 
the centre of the crater is the mouth of a perpendicular shaft 
or chimney, which emits clouds of hot vapor and gases ; and in 

periods of greater activity, 
ejects ashes, fragments of 
heated rock, and streams 
of fiery lava. 

2. The volanic cone 
is formed by the accumu- 
lation of the ejected ma- 
terials, in a series of con- 
centric layers, around the 
mouth of the shaft. These 
layers are distinctly visible 
on the inner walls of the 
crater, and in every part 
of the mass which is open to observation through crevices. 

This mode of formation not only explains the conical form of 
volcanoes, but distinguishes them from the mountains and moun- 
tain chains which are the result of the folding or uplifting of 
the solid crust of the Earth, and which form the skeletons 
of the continents and islands. 

3. The form of volcanic cones appears to depend upon 
the relative fluidity of the ejected materials by which they 
were built up. In general the more liquid the lava, and the 
smaller the quantity of solid materials, the broader and flatter 
are the cones. The volcanoes of the Sandwich Islands, noted 
for the liquidity of their lavas and an almost entire absence of 



c c Lava and ashes. 
// Later eruptions, parasitic cones. 



dd Crater. 
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ashes, are remarkable for their flattened form and the slight 
inclination of their slopes. 

Dana estimates the average slope of Mauna Loa to be only from six to eight 
degrees. A horizontal section 1,600 feet below the summit, would be nearly 
twenty miles broad; and the top, in which the crater Is sunk, though nearly 
14,000 feet in elevation, is a plain so level that the surrounding ocean cannot be 
perceived from it. 

In volcanoes where the lavas are less liquid and ashes abound, 
as in Vesuvius and Etna, the form is more conical and the 
slopes are more steep, being from twenty to thirty-live degrees. 
Volcanoes which eject only ashes and fragments of rock, as 
those of the Andes, are still more steep and pointed in form ; as 
shown in the cones of Cotopaxi and Arequipa, In the vol- 
canoes of Iceland, where the lava is viscous and alternates with 
ashes, the form resembles a dome. 

4. Volcanic Products. Volcanic ashes, when examined 
under a microscope, are found to be simply pulverized lava, 
frequently in minute 

crystals, and bear no _ ''^■S£jp!$@ ".rS^^-*. " 

resemblance to ashes ;*_ 

in the ordinary sense 3-x-^r 7 - 

of the term. EuuS fcT-r ' 

They occasionally • a 3._''r"^fc " 
form a fine powder, 
which is carried by 
the wind to a dis- 
tance of hundreds of 
miles. Coarser ma- 
terials take the name 
of volcanic sand. 

Irregular fragments 
of solidified lava, of all 
sizes, including large 
pieces of the walls of 
the crater, are at times 
ejected with great 
violence. Humboldt 

speaks of a mass of view o* 

several tons weight 

which was thrown to the distance of seven miles 4rom the 
crater, in an eruption of Cotopaxi. 

The lava stream, when flowing white hot from the crater, is 
not unlike a jet of melted iron escaping from a furnace, and 
moves at first with considerable rapidity. It soon cools on the 
surface, and becomes covered with a hard, black, porous crust, 
while the interior remains melted and continues to flow. If 
the stream is thick, the lava may be found still warm after ten 
or even twenty years. 

5. The amount of matter ejected by volcanoes is very great. 
The whole island of Hawaii, the largest of the Sandwich Islands, 
seems to be only an accumulation of lava thrown out by its four 
craters. All high oceanic islands are of the same character. 
Iceland, with an area of 40,000 square miles, is a vast table-land 
from 8,000 to 5,000 feet in elevation, composed of volcanic rock 
similar to the lavas still ejected by its numerous volcanoes. 

The formation of a new volcano which occurred in Mexico in 1750, and has 
been described by Humboldt, exhibits the magnitude of volcanic eruptions. In 
a fertile and highly cultivated plain, with an elevation of 2,000 feet, the ground 
was rent; and at points along the fissure were ejected an immense amount of lava 
and fragments of rock, which accumulated in six distinct volcanoes. The cen- 
tral one, Jorullo, rises 1,600 feet above the plain; and all rest on a bed of vol- 
canic rock studded with small steaming cones, and gently rising towards the 
centre where it is GOO feet thick. This region, covering an area of four square 
miles, now bears the name of the Malpays, or " bad lands." 



6. The number of volcanoes, active and extinct, is vari- 
ously estimated. Dr. Fuchs enumerates 672, of which 270 are 
active. Of the active volcanoes 175 are on islands, and 95 on 
the continents near the sea-shores. 

7. The height of volcanoes varies from submarine cones to 
an elevation 23,000 feet above the level of the sea. If such vol- 
canoes as Mauna Loa, 14,000 feet high, have their base at the 
bottom of the deep waters which surround them, the total ele- 
vation of such a structure may reach that of the highest moun- 
tains on the globe. 

II. Volcanic Activity.— Vesuvine 

Nearly all active volcanoes have intervals of comparative 
repose, interrupted by periods of increased activity, which ter- 
minate in a violent ejection of matter from the interior, during 
which the volcano is said to be in a state of eruption. 

The phenomena 
■■~~U- ' "^. ' . tvrS**. which characterize 

• ^" 1 these differing phases 

-1-, of volcanic activity 
■ i>f may be best made 
t '~\ .. = 7"-£ clear by describing 

them as actually ob- 
served in Vesuvius, 
one of the most care- 
fully studied and 
most active volcanoes 
of modern times. 

This remarkable 
mountain may be con- 
sidered as typical, for 
the phenomena exhib- 
ited by it are more 
or less common to all 
active volcanoes. 
Each volcano may 
jobullo. _ differ from this in the 

relative amount of 
ashes and broken fragments compared to the liquid lava ; in the 
violence and frequency of the eruptions; the form and size of 
the crater ; the greater or less steepness of the cone ; the com- 
position of the lavas, and other secondary circumstances : but 
the general course and character of the phenomena show a 
remarkable similarity. 

Even submarine volcanoes do not seem to differ materially 
from others, though the arrangement of the ejected materials, 
in the formation of a submarine cone, is no doubt modified to 
a certain extent. 

III. Vesuvius, ihe Typical Volcano. 

1. Situation and Form. Vesuvius is a solitary mountain rising to the 
height of nearly 4,000 feet, from the midst of a highly cultivated plain which 
borders upon the shores of the Bay of Naples. Though the mountain has a 
regular conical form, two summits, very nearly equal in height, are visible from 
Naples — Monte Somma on the north, and Vesuvius proper on the south, 

Monte Somma is only the northern half of the crater-rim of the old Vesu- 
vius, the southern half of which was destroyed in the year 79 a.d., in which 
occurred the first eruption of that volcano in historical times. Vexumus proper 
is the new cone which has gradually grown out of the old crater, by the ejection 
of materials In subsequent eruptions. After an eruption the energies of the 
volcano seem to be exhausted, and it enters into a state of relative repose. 

2. State of Repose. At the close of the great eruption of 1822, the crater 
was emptied to the depth of 700 or 800 feet; its rim was broken on the south, 
and sunk several hundred feet; and the lava, deeply sunk in the chimney, had 
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almost disappeared from sight. Only a few jets of vapor and gases, called 
fumaroles, escaped from fissures in the walls and at the bottom of the crater. 

Gradually the fumaroles become more numerous, and their united vapors 
form a column constantly ascending from the crater. The lava re-appears in 
the chimney, and on Its surface there is formed a crust which, bursting under 
the pressure of Imprisoned steam, sends fragments of red-hot lava into the air. 
These falling back accumulate around the mouth of the chimney, and build up 
• cone of eruption within the crater of the main volcanic cone, as Vesuvius 
proper within the crater of the old Monte Somma. A smaller cone of this 
description could be seen within the crater of Vesuvius in 1828. 

This cone grows constantly in dimensions, occasional overflows of lava and the 
materials which fall from the crumbling walls of the crater contributing to its 
increase, until the crater is full to the brim, or the cone of eruption rises even 
higher, as was the case in 1756. When the crater is thus full, and its mouth 
choked up, the expansive forces below rapidly accumulate, and soon there are in- 
dications of an approaching eruption. 

it. Premonitions of an Erup- 
tion. In Vesuvius among the indi- 
cations of the approach of a great 
eruption is the drying up of the 
wells and springs, probably due to 
the increasing heat of the ground, ■ 
causing internal evaporation, and to 
the formation of numerous fissures in 
which the underground waters dis- 
appear. Loud subterranean noises 
like the reports of distant artillery, 
■hocks of earthquake which shake 
the neighborhood of the volcano, and 
a large increase of the volume of va- 
pors which escape from the boiling 
lava Imprisoned in the chimney, In- 
dicate the struggle going on within 
the mountain. 

4. The eruption begins gener- 
ally with a tremendous explosion 
which seems to shake the mountain 
to Its very foundations, and hurls 
into the air dense clouds of vapor 
and ashes. Other explosions suc- 
ceed rapidly, and with increasing 
violence, each sending up a white, 
globular cloud of steam, or aqueous 
vapor. This long array of clouds, 
accompanied by dark ashes, volcanic 
sand, and fragments of red-hot lava 
of all sizes, soon forms a stupendous 

When checked in its ascending 
motion by the action of gravity, the 
column expands at the top, Its form 
resembling an immense umbrella, or 
the Italian pine, to which It has often 
been compared. In the eruption of 
1822, remarkable for its violence and 
the abundance of ashes, the height of 

the umbrella was estimated at 7,000 Vesuvius i: 

feet, and in that of 1770, at 10,000 feet. 

Finally the boiling lava overflows the rim of the crater, and descends in fiery 
torrents down the slopes; or, bursting the mountain by Its weight, finds a vent 
through some fissure far below the summit. After the expulsion of the lava 
the eruption is generally near Its end, though it does not necessarily terminate 
at once. Alternate phases of outbursting steam, ashes, and lava may continue 
with more or less violence for weeks or even months. 

5. Atmospheric Phenomena. The sudden condensation of the enormous 
accumulation of hot vapor thrown Into the air by the eruption, gives rise to 
striking atmospheric phenomena. Vivid flashes of lightning start from all 
parts of the column, and play about the clouds above; and often a local thunder- 
storm, formed in the midst of a clear sky, pours a heavy rain of warm water and 
ashes upon the slopes of the mountain. The hot, destructive mud torrents, 
created by these rains, have often been mistaken for lava streams. 

The majesty of the spectacle is still greater at night. Though flames of burn- 
ing gases are of rare occurrence, the clouds and column of vapor are strongly 
Illuminated by the reflection of the white-hot lava within the crater; and frag- 
ments of this lava constantly thrown into the air give the column all the 
brilliancy of a gigantic piece of fire-work. The sky Itself, far and wide, par- 
takes of the same vivid coloring, and the whole scene resembles a vast confla- 
gration. 

8. Periods or Eruption. A series of eruptions, separated by intervals 
of but few years, during which indications of activity are still numerous, con- 
stitutes a period of eruption. The history of Vesuvius shows a number of such [ 



periods separated by centuries of almost absolute repose, in which the volcano 
seemed to be extinct. 

At the birth of Christ, Vesuvius was described by the Roman geographer, 
Strabo, as a burnt mountain, but it had never been known to show any activity. 
Its crater, nearly full, was covered with a dense forest, and Its slopes adorned 
with cultivated fields, villages, and cities. 

In the year 63 several shocks of earthquake startled the inhabitants of its 
delightful slopes, and sixteen years later, in 70 a.d., the first eruption occurred, 
after which the northern half of the mountain alone remained. The southern 
half was ground to powder, and the rain of hot, wet ashes was so abundant as 
to cover the whole neighborhood with a deep layer of volcanic materials, burying 
the flourishing cities of Herculaneum and Pompeii, which have been recently 
exhumed from beneath several yards' depth of volcanic tufa. No lava, how- 
ever, is mentioned in the descriptions of this eruption. 

From that time to the year 1036 only seven eruptions are recorded, and lava 
streams are noticed for the first time. 
After two others, occurring in 1048 
and 1138, the mountain entered into 
a period of repose which, interrupted 
only by slight eruptions in 1306 and 
1500, lasted nearly 500 years. 

In 1631, when the volcano had 
been so long dormant that its slopes 
were cultivated to the foot of the 
cone of eruption, and the walls of 
the crater covered with forests, an 
eruption took place surpassing in de- 
structlveness all others on record. 

. The umbrella-shaped mass of va- 
pors and ashes extended above tie 
clouds, and, spreading in every direc- 
tion, covered a large extent of coun- 
try with a thick layer of volcanic 
materials, destroying all vegetation. 
The rain of ashes extended eastward 
even beyond the Adriatic Sea, Tor- 
rents of hot mud, and seven streams 
of fiery lava, flowing with unusual 
rapidity down the mountain slopes 
to the sea, completed the work of de- 
struction. The eruption continued 
nearly three months, and a number 
of beautiful cities and villages were 
almost or entirely destroyed. 

This great eruption was followed 
by a rest of thirty years; but from 
1660 to the present time, eruptions 
have occurred at intervals not ex- 
ceeding ten years. That of 1704 was 
the most imposing and destructive 
which has occurred since 1631. The 
recent eruption of 1872 is described 
as remarkable both for the immense 
quantity of lava ejected, and the ex- 
ceeding brilliancy of the spectacle 
presented. 
' BBUPTIOH. ■; g 0MB IMPORTANT CONTRASTS 

to Vesuvius are presented by other 
noted volcanoes, occasioned probably by differences in height, and In the size 

of the crater. 

In Stromboli, a volcano less than 3,000 feet in elevation, situated on one of 
the Liparl Islands, the eruptions are continuous, and all from the crater. In 
Vesuvius, 4,000 feet high, the eruptions occur at Irregular intervals, and the 
number from the crater is about equal to that from fissures in the sides. 

In Etna, a volcano nearly 11,000 feet high, situated on the island of Sicily, the 
eruptions are less frequent than those of Vesuvius, and are mainly from the sides. 
It seems that the pressure of the column of lava in the lofty chimney, combined 
with the expansive force of the imprisoned vapors, is sufficient to buret its walls 
and cause deep fissures through which both liquid lava and ashes escape. The 
great cone is studded with more than 200 smaller or parotitic cones, formed by 
the lateral eruptions and arranged mainly on straight lines radiating from the 

The inference is, therefore, that the lower the volcano, the more easy and fre- 
quent are its eruptions, and the greater the proportion from the top ; the higher 
the volcano and the enclosed column of lava, the greater is the pressure on the 
walls of the chimney, the more frequent the bursting of the mountain and the 
lateral eruptions, and the more numerous are the parasitic cones. 

The volcanoes of the Andes, form an apparent exception to this law. Many of 
them have an altitude of more than 20,000 feet, yet Hie eruptions are wholly 
from the top. This is accounted for by the fact that the volcanic peaks rest upon 
a vast and elevated mountain system which is loo massive to be rent by the inter- 
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nal pressure. The enclosed column of lava, unable to reach the elevated crater, 
is tossed about in the chimney and escapes in the form of ashes and coarser frag- 
ments, but scarcely ever in a fluid condition. 

The volcanoes of the Sandwich Islands, remarkable for their exceedingly flat- 
tened form and the vast size of their craters, are distinguished by the absence of 
ashes and the usually quiet flow of their lavas from the crater. Extensive lateral 
eruptions are, however, frequent in Mauna Loa. 



ANALYSIS OF SECTION VIII. 

I. Nature and Formatlou of Volcanoes. 

1. Volcano Described. 

2. Volcanic Conb. 

a. Mode of formation. 

b. Evidences of this formation, 
o. Effect of formation. 



3. Form of Volcanic Cones. 

a. Governed by what. 

f Volcanoes of Sandwich Islands. 

b. Examples. ' Vesuvius and Etna. 



Volcanoes of Andes. 
Volcanoes of Iceland. 



4. Volcanic Products. 

a. Ashes. 

b. Sand. 

c. Lava fragments. 



a T*«rf^.™ (Appearance, 
d. Lava stream. < _ 

( Process of cooling. 

5. Ejected Matter. 

a. Relative amount of. 

Hawaii. 

b. Examples. - Iceland. 

k Jornllo. 

6. Number of Volcanoes. 

Active. Extinct. Position. 

7. Height of Volcanoes. 

II. Volcanic Activity. 

a. Activity, how varying. 

b. Typical volcano. 

c. How volcanoes differ. 

d. In what respects similar. 

III. Vesuvius. 

1. Position and Form. Why two Summits. 

2. State of Repose. 

a. Early condition after 1882. 

b. Later condition. 

/>» m ** [ How formed. 

c. Cone of eruption. I „ 

\ Size attained. 

8. Premonitions of Eruption. 

a. By wells and springs. 

b. Noises. 

c. Earthquakes. 

4. Eruption. 

a. Ejection of vapors and solid matter. 

Description. Amount. 

b. Ejection of liquid lava. 

c. Subsequent conditions. 

A. Atmospheric Phenomena accompanying Eruptions. 

a. Observed by day. 

b. Observed by night. 

6. Periods of Eruption. 

a. What constitutes a period. 

b. Examples in history. 

c. Results of eruption in 79 a.d. 

d. Results of eruption of 1631. 

e. Condition since 1631. 

7. Contrasts to Vesuyius. 

a. Contrasts due to what. 

b. Eruptions of Stromboli. 



c. Eruptions of Vesuvius. 

d. Eruptions of Etna. 

e. Inference drawn. 

. . ., ( Where occurring. 

f. Apparent exception. I ... 

( How explained. 
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IX. — RESULTS OF INTERNAL HEAT (continued). 
I. Relative Positions of Volcanoes. 

1. Lines of Volcanoes. Volcanoes, though they are but 
local and apparently independent accumulations of materials, 
ordinarily occur in lines more or less irregular. 

The six volcanoes of Mexico, among which Orizaba and Popocatepetl are the 
greatest, are on a line which, when prolonged into the Pacific, strikes the vol- 
canic island of Socorro. The volcanoes of South America are all on the line of 
the Andes ; and those of North America on the line of the Sierra Nevada and 
Cascade Mountains. Numerous examples are also found in other quarters of the 
globe. 

An apparent exception to this rule is seen where volcanoes seem 
isolated, or form groups consisting of a central volcano surrounded 
by secondary cones. But even in this case the linear arrangement 
is apparent, since the groups themselves form long bands, as in the 
Polynesian islands ; and in the larger groups the disposition of 
the individual volcanoes in parallel lines is obvious, as in Iceland 
and the Sandwich Islands. 

2. General Distribution op 'Volcanoes. Nearly all the 
volcanoes on the Earth's surface are situated along the mountain 
ranges and belts of islands which skirt the shores of the conti- 
nents, while the interior is almost destitute of them. Omitting a 
few extinct craters, the only well authenticated exception to this 
rule is found in the few volcanoes around the Thian-Shan Moun- 
tains, in the heart of the great Asiatic continent, nearly 2,000 
miles from the sea. 



II. Volcanic Zones. 

1. Two great terrestrial zones include nearly all the 
known volcanoes of the globe, arranged in long bands or series, 
or in isolated groups. 

The first zone includes the vast array of mountain chains, 
peninsulas, and bands of islands which encircle the Pacific 
Ocean with a belt of burning mountains. Within it occur, 
in the New World, (1) the Andes Mountains, with three of 
the most remarkable series of volcanoes — those of Chili, Bo- 
livia, and Ecuador — separated by hundreds of miles ; (2) the 
volcanic group of Central America; (3) the series of Mexico; 

(4) the series of the Sierra Nevada and Cascade Mountains; 

(5) the group of Alaska ; and (6) the long series of the Aleutian 
Islands. 

In the Old World are (1) the series of Kamchatka and the 
Kurile Islands; (2) the group of Japan; (3) the series south 
of Japan, including Formosa, the Philippine and the Molucca 
Islands; and (4) the Australian series, including New Guinea, 
New Britain, New Hebrides, and New Zealand. In this vast 
zone there are not less than 400 volcanoes, 170 of which are 
still active. 

The second zone, though less continuous, is hardly less remark- 
able. It is the belt of broken lands and inland seas, which, ex- 
tending round the globe, separates the northern from the southern 
continents, and intersects the first zone, in the equatorial regions, 
nearly at right angles. 
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This zone includes (1) the volcanic regions of Central Amer- 
ica and Mexico, and the series of the Lesser Antilles; (2) the 
groups of the Azores and Canary Islands; (8) the Mediter- 
ranean islands and peninsulas, including all the active vol- 
canoes of Europe; (4) Asia Minor with numerous extinct 
volcanoes ; (5) the shores of the Red Sea and Persian Gulf, 
and the two Indias, rich in traces of volcanic action ; (6) the 
East Indian Archipelago with hundreds of burning mountains ; 
and (7) the Friendly Islands and other volcanic groups of the 
central Pacific. 

In this zone there are no less than 160 volcanoes, so that the 
two volcanic zones together contain 560, or five-sixths of all 
known. 

The volcanic forces display the greatest intensity at the intersections of the two 
volcanic zones, in Central America and the East Indian Archipelago, nearly one- 
third of all known volcanoes occurring in these two regions. Central America, 
Mexico and the Antilles include 85 volcanoes, while the East Indian Archipelago 
possesses 117. 

The volcanoes not included in these two great zones are isolated, in the midst of 
the oceans, or in the broken polar lands. The most noted are the Sandwich Island 
group, in the Pacific ; Bourbon and Mauritius, in the Indian Ocean ; Cape Verd 
Islands, Ascension, St. Helena, and Tristan da Cufiha, in the Atlantic ; Iceland 
and Jan Mayen, in the Arctic Ocean ; and Erebus and Terror, in the Antarctic. 



III. Causes of Volcanic Action. 

1. The peculiar distribution of volcanoes suggests the 
nature and causes of volcanic action, which must not be con- 
founded with that more general force which has uplifted the 
continents and depressed the basins of the oceans. 

Three facts are obvious and significant, namely: (1) Nearly 
all volcanoes are either along the highest border of the conti- 
nents, or in the great central zone of fracture. (2) Most of 
the volcanic groups exhibit a linear arrangement. (3) The 
agent at work in these mighty engines is mainly vapor of water, 
or steam power. 

2. The primary source of volcanic action is the heated 
condition of the Earth's interior, of which we have evidence 
so conclusive. The effect of this condition will necessarily 
be most intense along the deep fissures which establish a ready 
communication between the interior and the surface of the 
globe. 

Nowhere are the EartKs strata more deeply broken than on the 
very edge of the continents ; and it is along the mighty chasms 
caused by the upheaval of these vast land masses, that mountain 
chains, such as encircle the sunken basin of the Pacific, have been 
raised. There, also, volcanic vents abound in long lines, following 
either the top or the foot of the mountain chains. Similar condi- 
tions exist in the zone of fracture. 

The folding and breaking up of the solid crust of the Earth, 
and the formation of those great surface features which adorn 
it, must not be ascribed to the heat of the interior mass, 
but to its slow cooling and the consequent contraction of its 
bulk. 

Volcanic action, therefore, is not the cause but a consequence of 
the upheaval of mountain chains and continents ; and the prox- 
imity of volcanoes to the sea does not imply the necessity of sea 
water to their formation, but is due to the deep fissures in the 
Earth's crust, along the line of contact of the depressed ocean 
basin and the uplifted continent. 

The rain water which, having entered the ground, instead of re-appearing in 
the form of springs or artesian wells, penetrates deep into these subterranean 
cavities, may become so heated, under the high pressure to which it is subjected, 
as to produce the usual volcanic phenomena. 



ANALYSIS OF SECTION IX. 

I. Relative Position of Volcanoes. 

1. Limes of Volcanoes. 

a. Ordinary arrangement. 

b. Examples. 

c. Apparent exception. 

2. General Distribution. 

a. Ordinary situation. 

b. Exceptions. 

II. Volcanic Zones. 

a. Number of cones. 

b. Pacific zone. Volcanic regions included. 

c. Traofverse zone. Volcanic regions Included. 

d. Greatest intensity of volcanic forces. 

e. Volcanoes not included in zones. 



Volcanic Action. 

1. Nature and Causes— how suggested. 

Prominent facts of distribution. 

2. Primary Source of Volcanic Action. 

a. Effects, where most intense. 

b. Strata, where most deeply broken. 

c. Folding of Earth's crust ascribed to what. 

d. Volcanic action, how related to upheaval of monntatn chain. 



X. — RESULTS OF INTERNAL HEAT {continued). 

EARTHQUAKES. 

I. Earthquake Defined. 

1. Earthquakes are movements of the Earth's crust, varying 
in intensity from a hardly perceptible vibration to violent con- 
vulsions, which change the face of the ground and overthrow the 
most substantial works of man. 

2. Example. The earthquake at Lisbon , Portugal, on the morning of Novem- 
ber 1, 1755, one of the most appalling in its results, exhibits the nature of these 
commotions of the Earth's crust, and the phenomena attending them. The day 
was the festival of All-Saints, and the churches of the city were full to overflow- 
ing, when, at forty minutes past nine, a rumbling noise was heard like distant 
t! _nder, gradually increasing until it resembled the sound of heavy artillery. A 
faint shock was followed by a heavier one, and within six minutes 30,000 persons 
were buried under the ruins of the churches and other edifices ; and 30,000 more 
perished before the end of the catastrophe. 

The ground seemed to undulate like the waves of the sea, the surrounding 
mountains were seen rocking violently on their base, and broad chasms opened 
in the earth and closed again. More than 3,000 persons had taken refuge from 
the falling edifices on a broad marble quay just built on the banks of the Tagus, 
when the sea, which had before receded, came back in a furious wave forty feet 
high and swallowed up the entire multitude ; then rushing upon the city it con- 
tinued the work of devastation. Similar oscillations of the sea were repeated 
several times ; and when the commotion ceased, several hundred feet of water 
covered the spot which the quay had occupied. 

Fires, kindled in the fallen dwellings, spread over the scene of desolation, 
creating a vast conflagration which completed the work of destruction. The 
ground continued to be agitated for several weeks afterwards, and another severe 
shock occurred in December following. 

One of the most remarkable features of this earthquake was the extent of 
country over which it was felt. All western Europe was agitated ; the northern 
coast of Africa suffered considerably ; nearly all the cities of Marocco were de- 
stroyed, and fissures, whence streams of water issued, were opened in many places. 
On some of the West India Islands the sea rose twenty feet, and a similar rise was 
observed in the harbors of New York and Boston. The entire surface disturbed by 
this earthquake amounts, according to Humboldt, to four times the area of Europe. 



II. Kinds of Earthquake Movement. 

Three kinds of motion are observed in earthquakes. 

1. Th3 WAVE-LIKE or UNDULATORY MOTK)N is most Common 

and least destructive. It appears to be the normal one, and it is 
possible that the others may be simply the result of various systems 
of waves intersecting one another. The waves either advance tn 



. 



RESULTS OF internal heat. — earthquakes. 



17 



one direction, like waves of the sea, or spread from a central point, 
like ripples produced by dropping a pebble into still water. 

The earthquakes of the Andes are chiefly linear, being propa- 
gated along the mountains, with the undulations perpendicular 
to the direction of the ranges. The earthquaka at Lisbon, 
described above, was a central one, the concentric waves gradu- 
ally diminishing in intensity with increasing distance from the 
place of origin. 

2. The vertical motion acts from beneath like the explosion 
of a mine, and when violent nothing can resist its force. The 
earthquake at Calcutta, in September, 1828, owed its great 
destructiveness to the fact that the main shock was vertical ; 
and one in Murcia, Spain, in 1829, destroyed or injured more 
than 3,500 houses. 

3. The rotary or whirling motion is the most dangerous, 
but happily the rarest of all. In the great earthquake of 
Jamaica, in 1692, the surface of the ground was so disturbed that 
fields changed 

places, or were 
found twisted 
into each other. 

4. The vb- 
locity with 
which the 
eart hq uake 
wave moves is 
variable. Hum- 
boldt estimates 
the average 
rate at from 
twenty-three 
to thirty-two 
miles per min- 
ute. 

III. Duration 
or Earth- 
quakes. 

Great earth- 
quakes usually 
consist of a 

series of successive shocks, some of which are of extraordinary 
violence. They may be repeated at longer or shorter intervals, 
during a period of several days and weeks, or even of several 
months and years, before the earthquake is at an end. 

During the earthquake on the coast of Venezuela, which began 
on the 21st of October, 1766, and destroyed the city of Cumana 
in a few minutes, the earth continued to be shaken almost every 
hour for a period of fourteen months. After the destruction of 
the beautiful city of Messina, on the island of Sicily, in 1788, 
the ground continued to be agitated almost daily for ten 
years. 

IV. Distribution of Earthquakes. 

1. General facts. — (l) No part of the globe is absolutely 
free from earthquakes. 

(2) There are circumscribed regions in which the surface is 
liable to be shaken simultaneously, such a region being called 
an earthquake area. 

(3). The most extensive earthquake areas, and those in which 
the convulsions are most numerous and violent, are situated 



within the two great volcanic zones — that is, the coast regions 
of the Pacific Ocean, and the transverse zone separating the 
northern from the southern continents. 

2. The analogy in the distribution of earthquakes and 
volcanoes is evident, yet the former occupy a far more extensive 
domain than the latter. Both are most intense in their action 
along the great fractures of the Earth's crust; yet we are not, on 
that account, to conclude that the one is the cause of the other ; 
they only require similar conditions for their manifestation. 

The Immediate connection of earthquakes with tokanle eruption* is evident 
in many instances, yet these are of a special kind. Volcanic eruptions often 
take place without earthquakes, as In the Sandwich Islands; and many severe 
earthquakes occur in regions far removed from any active volcano, and destitute 
of volcanic rocks. Even In volcanic districts the most extensive earth quakes 
bear apparently no relation to the surrounding volcanoes. The two sets of 
phenomena may have a common cause, but they must not be confounded or 
considered as necessarily belonging to the same class. 

V. Relation to Atmospheric and Astronomical Conditions. 

Within the 
tropict, e s p e- 
cially, earth- 
quakes are 
most frequent 
in that part of 
the year in 
which the 
greatest at- 
mospheric dis- 
turbances take 
place. They 
are most 
dreaded at the 
beginning of 
the rainy sea- 
son, when the 



changing their 
direction. In 
the Molucca 
Islands the 
inhabitants, at 
this period, for- 
sake their houses for greater safety, and shelter themselves under 
tents or the lightest bamboo structures until the danger is past. 
Perrey, by comparing 7,000 observations, found the number of earthquakes 
occurring at the syzygies — when the attraction of the Sun and Moon is com- 
bined and the Moon is nearest the Earth — greater than at the time of (lie 
quadratures, when the Moon is most distant; also that, during an earthquake, 
the shocks are more frequent where the Moon is on the meridian. Wolf finds 
a coincidence with the periodicity of the Sun's spots, the years in which these 
being those in which earthquakes are most frequent. 



VI. Theory of Earthquakes. 

A General Cause Necessary. No satisfactory explana- 
tion of the phenomenon of earthquakes has as yet been proposed. 
Local earthquakes, preceding or accompanying a volcanic erup- 
tion, are doubtless due to the action of the volcano; but all 
which take place outside of volcanic districts, and especially 
those general convulsions, disturbing areas hundreds of thou- 
sands of miles in extent, must be assigned to some more general 
cause. This cause may possibly be found in the constantly 
increasing tension produced in the Earth's strata, by the steady 
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cooling and contraction of the heated mass enclosed by the 
hardened outer crust. In this case every difference of pressure 
upon the Earth's crust, whether arising from atmospheric or 
astronomical causes, may have a share in the production of 
earthquakes. 

ANALYSIS OF SECTION X. 

I* Earthquake Phenomena Described. 

1. General Definition. 

2. Earthquake of Lisbon Dvscribid. 

a. Time and effects. 

b. Movement* of ground. 

c. Movements of sea. 

d. Extent of area agitated. 

II. Kinds of Motion. 

1. Undulatort Movement. 

a. Character, and relation to other motions. 

b. Directions of waves. 

c. Examples. Linear. Central. 

2. Vertical Movement. Example. 

3. Rotary Movement. Example. 

4. Velocity of Earthquake Ways. 

III. Duration of Earthquakes. 

1. General Statement. 

2. Examples. 

IV. Distribution of Earthquakes. 

1. General Facts Observed. 

a. Extent of phenomenon. 

b. Earthquake areas. 

c. Earthquake zones. 

2. Analogy of Distribution with that of Volcanoes. 

Connection of earthquakes with volcanic action. 

V. Relation to Atmospheric and Astronomical Cause. 

1. Connection with Atmospheric Disturbances. 

2. What Connection with Astronomical Causes Observed. 

VX Theory of Earthquakes. 

1. A General Cause Necessary. Why. 
Where such cause possibly found. 



QUESTIONS ON THE MAP OF VOLCANOES AND 

EARTHQUAKES. 

How are volcanoes indicated on the map? (See Explanation in right-hand 
margin.) 

How are the regions which are subject to earthquakes marked ? 

On what part of the Earth's surface are volcanoes most numerous ? 

How do North and South America compare in regard to the number of their 
volcanoes ? 

What are the principal volcanic groups of South America ? 

In which are volcanoes most numerous ? 

What great volcanic groups between South America and the main mass of 
North America? 

What two groups on the Pacific coast north of the Tropic of Cancer ? 

What are the principal volcanic peaks in the Cascade group ? 

What group of volcanoes between North America and Asia ? 

Name the principal volcanic groups of Eastern Asia. ' 

Where are most of these volcanoes situated ? 

In what direction does the Philippine chain of volcanoes extend ? 

In what direction does the chain of the Sunda Islands extend ? 

How do this chain and the Philippine compare in direction at their intersec- 
tion ? 

What short chain east of, and parallel to, the Philippine chain ? 

What group in the midst of the Pacific, in nearly the same latitude ? 

What celebrated volcano in the Sandwich Islands ? 

How does the long volcanic chain extending from New Guinea to New Zea- 
land, compare in direction with the adjacent Australian coast ? 

In what part of this chain are volcanoes most numerous ? 

What solitary volcano in the eastern part of the Pacific Ocean, near the Tropic 
of Capricorn? 

What islands containing volcanoes, form a long chain extending from Easter 
Island to the volcanic group of New Guinea. 

How does this long volcanic chain compare in direction with the southern 
coasts of Asia and Europe ? 

What volcanoes in the northeastern part of the Indian Ocean ? 

In the southwestern part ? 

What noted volcanoes in the Mediterranean regions ? 

What one in Western Asia ? 

In what part of Africa is a prominent volcanic region ? In what part of Asia? 

What volcanic islands in the north of Africa ? 

What volcanic islands in the middle Atlantic, west of Africa ? 

In what portions of the New World are earthquakes most frequent and vio- 
lent ? In what portions of Europe and Asia? In what Asiatic islands ? 

What islands in the South Pacific subject to frequent earthquakes? In the 
Central Pacific? 



REVIEW OF PART I. 

Note. — The pages to which the questions refer are indicated by figures in the margin. 

(Page 1.) What forms the subject of geographical science? 

From what points of view may the Earth be studied geographically ? 

What are the resulting divisions of the science ? 

(2.) How many are the modes of treatment in the geography of nature ? 

What are some of the more important problems investigated in physical geog- 
raphy ? 

How does physical geography differ from geology ? 

Enumerate the topics discussed in Section I., and the primary divisions of each, 
as shown in the tabular analysis. 

How is the Earth related to the Sun and other heavenly bodies ? 

(3.) What is the comparative importance of the Earth among the heavenly 
bodies? 

What bodies compose the solar system ? 

Enumerate the topics discussed in Section II., and state, briefly, the substance 
of each. 

How are the primary planets grouped ? 

How do the two groups compare in size ? In density ? In distance from the 
Sun? 

To which group does the Earth belong? 

What motion is common to the Sun and all the planets ? 

What other motion have all the planets ? 

(5.) How does the velocity of revolution vary in the different planets? 

The velocity of rotation ? 

The time of revolution ? 

What is the position of the axes of the planets in respect to the planes of their 
orbits? 

What is the effect of the inclination of the axis of a planet ? 

How does the Earth compare with the other planets in its various physical 
conditions ? 

Enumerate the topics discussed in Section III., and the subdivisions, both pri- 
mary and secondary, of each. 

(6.) What is the form of the Earth ? 

The approximate dimensions ? 

The specific gravity ? 

Enumerate the topics discussed in Section IV., and give, briefly, the substance 
of each. 

(7.) How do the degrees of longitude compare in length in different latitudes ? 
Why? 

Explain the relation of difference of longitude to difference of time. 

Enumerate the topics discussed in Section V., and give the substance of each. 

(8.) What is a magnet ? What properties are exhibited by all magnets ? 

What property of a magnet is exhibited by the Earth ? 

What is magnetic declination ; and where is there no variation. 

Enumerate the topics discussed in Section VI., and the primary subdivisions of 
each. 

(10.) What evidences are there of a high temperature within the Earth ? 

(11.) How do thermal springs give evidence of internal heat ? 

Where are the most remarkable geyser regions ? 

Explain (see page 10) the formation of the geyser. 

How are artesian wells supposed to be formed ? 

(12.) State the results of observations, in wells and mines, on the Earth's tem- 
perature. 

Describe a volcanic mountain, and the mode of its formation. 

Enumerate the topics discussed in Section VII., and give the substance of 
each. 

(13.) On what does the shape of a volcanic cone depend ? 

What are the chief substances ejected by volcanoes ? 

What can you say of the amount of materials ejected ? 

How does the activity of volcanoes vary at different times ? 

Describe Vesuvius during a period of repose. 

(14.) What are the usual premonitions of an eruption ? Describe an eruption. 

What atmospheric phenomena accompany a violent eruption ? 

When was the first eruption of Vesuvius in historic time, and what its result? 

What contrasts to Vesuvius are presented by other famous volcanoes ? 

Enumerate the topics discussed in Section VIII., and the primary subdivisions 
of each. 

(15.) Describe the general distribution of volcanoes. 

Where are the two great volcanic zones .situated ? 

What are the principal groups in the Pacific zone ? 

In the transverse central zone ? 

(16.) What is the primary source of volcanic action? 

Enumerate the topics discussed in Section IX., and give the substance of 
each. 

How is volcanic action related to the upheaval of mountain chains ? 

What are earthquakes ? 

Describe the great earthquake at Lisbon. 

What are the different classes of earthquake movement ? How do they com- 
pare in violence ? 

(17.) With what velocity does the earthquake wave move ? 

How are the most extensive earthquake areas situated ? 

Wliat coincidence with atmospheric disturbances has been observed ? 

What general cause may be supposed to give rise to earthquakes ? 

Enumerate the topics discussed in Section X., and give the substance of each. 



JOfr 



PART II. 



ich, 



THE LANDS. 



nlv 



nee 



the 



eir 



■al 



n- 



;e 



9 



-GENERAL ARRANGEMENT OF LAND MASSES. 
geographical Elements of the Earth. 

%e solid land, the liquid sea, and their common gaseous 

elope, the atmosphere, 

tually acting upon one 

ther, form the three 

at geographical ele- 
cts which, under the in- 

mce of the Sun, support 

i in all its varied forms. 

The extent, form, and 

ative position of the 

id masses, materially 

•dify climate, and regu- 

e the distribution and 

velopment of organic 

a. Hence the study of 

&se fundamental fea- 

res of the globe, though 

iparently elementary, is 

' primary importance. 

The proportion of land 

i water upon the globe 

as 27 : 72, the land cov- 

ring 53,000,000 square 

liles, the sea 144,000,000. 
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I. The Land Masses. 

1. Division. The land is neither concentrated into one vast 
nass, nor uniformly distributed over the globe. 

. It consists of six great bodies called continents, widely differ- 
jig in size and form ; and 
l multitude of small frag- 
ments called islands, which 
skirt the shores of the con- 
tinents or dot the broad ex- 
panse of the sea. 

This division of the land 
.into diverse bodies produces 
a diversity of climate, and 
promotes a fuller and more 
perfect development of 
every order of life. 

2. Position on the 
Globe. The land masses 
are crowded together 
around the north pole, their 
northern limits being about the 70th parallel. Thence they 
extend towards the south, in three vast divergent tracts, termi- 



FIO. 1. DIVERGENCE OP LAND MASSE8, AND ZONE OF FBACTUBB. 



FIO. 2. LAND AND WATER HEMISPHERES. 



nating in points widely separated one from another, and very 

distant from the south pole. 

The sea encircles the south pole, and sends three great arms 

northward, between the divergent land masses, forming the 

Pacific, the Atlantic, and 
the Indian Ocean. 

3. Zone of Fracture. 
Each of the three diver- 
gent tracts of land is in- 
vaded nearly midway by 
the ocean, or by great in- 
land seas, from which there 
results, in each, a belt of 
broken lands — peninsu- 
las and islands. Within 
this belt are the great 
archipelagoes of the East 
and West Indies, and the 
peninsulas of southern 
Asia and Europe. 

These regions form part 
of a broad transverse zone 
which may properly be 
designated the central 
zone of fracture. Its po- 
sition can be traced by 
describing a circumfer- 
ence upon the globe, from 
Behring Strait as a centre, 

with a meridian arc of 80° as a radius. 

Figure 1 exhibits the divergent arrangement of the land masses, and the zone 
of fracture. The latter passes over the Carribean Sea, in the New World ; and 

the Mediterranean Sea and East 
Indian Archipelago, in the Old. 

III. Grand Terrestrial 
Contrasts. 

1. Northern and 
Southern Worlds. The 
transverse zone of fracture 
divides each of the diver- 
gent tracts of land into two 
continental masses, or a pair 
of continents. Hence there 
are three northern and three 
southern continents, form- 
ing two groups which pre- 
sent marked contrasts. 
The northern continents lie near together, and almost wholly 
within temperate latitudes ; the southern continents^ on the con- 
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trary, are isolated one from another, and lie chiefly in tropical 
latitudes. 

2. Eastern and Western Worlds. Two of the three di- 
vergent pairs of continents are crowded together upon one side 
of the globe, while the third is isolated upon the opposite side ; 
the eastern, or Old Worlds thus contains more than twice as 
much land as the western or New World. 

This difference in area, together with the concentration of the 
lands in the former, and their greater separation in the latter, 
constitutes a second terrestrial contrast of great importance, 
whose influence is felt, through climate, upon every order of 
life. 

8. Continental and Oceanic Worlds. A third great con- 
trast is produced by the combined concentration of the lands 
upon the northern and eastern regions of the globe. This gives 
rise to a northeastern or Land Hemisphere, and a southwestern 
or Water Hemisphere, first traced by Carl Ritter, and properly 
designated the Continental and Oceanic Worlds. 

The former contains over six-sevenths of the land surface of 
the globe. The latter includes only Australia and the southern 
extremities of Asia and South America, which, with numerous 
islands, make less than one-seventh of the solid surface of the 
Earth. 

IT, Relative Areas and Position of Land Masses. 

The western pair of continents is the longest ; and the two 
Americas are nearly of the same size. Europe-Africa is the 
shortest pair, and the smaller continent is at the north, the larger 
at the south. In Asia-Australia the larger is at the north, the 
smaller at the south. Thus the greatest variety is obtained, 
both in size and in relative situation, by the slanting direction 
of the zone of fracture. 

The relative areas of the three pairs of continents, as well as that of the conti- 
nents individually, is represented to the eye by Figure 3. The numbers within 
the several rectangular spaces give the areas of the continents in square miles. 



ANALYSIS OF SECTION L 

I. Geographical Elements. 

a. Elements enumerated. 

b. Importance of the arrangement of land 

c. Proportion of land and water on globe. 

IX The Land Mattes. 

1. Division of Land. 

a. Extent of division. 

b. Importance of Division. 

2. Position or Lands on Globe. 

a. Northward position of land 

b. Converse position of sea. 

3. Central Zone or Fracture. 

a. Relation to diverging lands. 

b. Position of zone. 



III. Terrestrial Contrasts. 

1. Northern and Southern Worlds. 

a. Number and arrangement of continents. 

b. Position of northern group. 

c. Position of southern group. 

2. Eastern and Western Worlds. 

a. Relative position of pairs of continents. 

b. Relative extent of Old and New World. 

c Results of difference in area and compactness. 

3. Continental and Oceanic Worlds. 

a. Basis of third series of contrasts. 

b. Relative amount of land in each hemisphere. 

IV. Areas of Continents. 

a. Relative areas and positions. 

b. Absolute areas In English square miles. 



II. — HORIZONTAL FORMS OF THE CONTINENTS. 

I. Two-fold Aspect of Continental Forms. 

Every continent presents itself to the observer in a two-fold 
aspect — as a surface, with peculiarities of horizontal form and 
outline, given by the line of contact of land and water ; and 
as a solid, with peculiarities of vertical form, given by the ele- 
vation of its surface above the level of the sea. 

The former, though the more obvious, is not the fundamental 
character, since it is the result of the latter. 

II. General Figure of Continents. 

1. Common Fundamental Figure. Every great continental 
mass has a figure more or less triangular. The two Americas 
are each triangular ; the double continent, Asia-Europe, forms a 
triangle ; and the main body of Africa has a similar figure. 

Australia alone approaches a quadrilateral form ; and even 
this, including the island of Tasmania, which is properly a part 
of the continental figure, approximates to a triangular outline. 
This remarkable coincidence in the fundamental form of the 
continents, evidently indicates a common law of structure, 
which it is the province of geology to discover. 

2. Direction of Greatest Prolongation. In the two 
Americas, the sharpest angle of the continental figure is turned 
towards the south, and the greatest elongation is in the direc- 
tion of the meridians. 

In Asia-Europe, on the contrary, the sharpest angle is towards 
the west, and the greatest elongation of the double continent is 
in the direction of the parallels. In Africa and Australia, while 
the continents narrow towards the south, their greatest extent 
from east to west is approximately equal to that from north to 
south. 

The difference in the direction of elongation in America and 
Asia-Europe, causes marked differences in other respects. The 
former, extending over 9,000 miles from north to south, traverses 
all the climatic zones, exhibiting, as a result, great variety in the 
character of its plants and animals. Asia-Europe, having a 
length of over 7,000 miles, has, from the Pacific shores to the 
Atlantic, a general similarity of climate, vegetation, and animals. 

III. Continental Outlines. 

1. Differences in Outline. The outlines of the continents 
display striking differences. Some are deeply indented with 
gulfs and inland seas, or have projecting peninsulas ; while others 
present a massive form with simpler outlines, without indenta- 
tions or projections worthy of notice. 

2. Importance of Articulation of Coasts. These irreg- 
ularities, or articulations of outline, are of vast importance to 
the civilization of the continent. 

They greatly increase the length of the coast line, and the 
contact of land and water ; they favor the formation of conven- 
ient harbors, and open the interior of the continents to com- 
merce by sea, facilitating communication with other parts of the 
world ; and the sea, penetrating into the land, moderates the 
extremes of temperature, and increases the moisture of the atmos- 
phere, and the fertility. 

Again, the subdivision of the continents into peninsulas, form- 
ing diverse physical regions, secures a higher development of 
human society by assisting in the formation of distrnct nationali- 
ties; like those created in the great peninsulas of India and 
Arabia, Greece, Italy, and Spain. 
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It is a remarkable fact that the deeply indented, well articulated continents, 
are, and have always been, the abode of the most highly civilized nations. The 
unindented ones, shut up within themselves and less accessible from without, 
have played no important part in the drama of history. It should be remem- 
bered, however, that variety of contours is but the expression of a complicated 
inner structure, which, together 
with the climatic situation of the 
northern continents, has had a 
large share in this result. * 

3. Gradation in Ar- 
ticulation. A significant 
gradation is exhibited by 
the several continents in re- 
regard to irregularities of 
outline. 

Europe surpasses all the 
others in the relative mag- 
nitude of its indentations 
and projections ; the pro- 
portion of its peninsulas to its entire area being as 1 : 4. Three 
great peninsulas — the Hellenic peninsula, Italy, and Spain — 
project into the Mediterranean ; while Bretagne, Denmark, and 
Scandinavia enrich the shores of the Atlantic. Even the British 
Isles are scarcely more than a projection of the continent. (See 
page 38, British Isles.) 

Aiia is second in the relative extent of its peninsulas, the pro- 
jecting lands being to the entire area of the continent as 1 : 5.5 ; 
Asia Minor on the west, Arabia, India, and Indo-China on the 
south, and China, Manchuria with Corea, and Kamchatka, ad- 
vancing into the waters of the Pacific, form a wide border of 
projecting lands, containing the richest regions of the conti- 
nent. 

North America, though considerably less indented, still has 
peninsulas bearing to its 
entire area the proportion 
of 1 : 14. Florida, Nova 
Scotia, and Labrador are 
the most prominent on the 
Atlantic coast; Boothia 
Felix and Melville Pe- 
ninsula on the Arctic ; and 
California Peninsula and 
Alaska on the Pacific. 

The southern continents, 
on the contrarv, are no- 
where deeply penetrated 
by the waters of the ocean. 
The Gulf of Arica in 
South America, the Gulf 
of Guinea in Africa, and 
the Great Australian 
Bight, are merely gentle 
bends in the coast line. 
The slight projections of 
the Atlas Mountain re- 
gion and Somali in Af- 
rica, and York Peninsula 
in Australia, are scarcely 
to be reckoned among 
true peninsulas. 



FIG. 3. RELATIVE AREAS OF THE CONTINENTS, WITHOUT THEIR ISLANDS. 



4. The Amount of Indentation in each continent is shown in Figure 4. 
The inner squares represent the area of the continents, and their contours show 
the length of coast required to enclose that area without indentations or pro- 
jections. 

The contours of the outer squares represent, on the same scale, the actual 

length of coast line enclosing the 
same area as it exists in the con- 
tinents. The difference between 
the contours of the outer and inner 
squares, is the true measure of the 
amount of indentation. A glance 
reveals the difference between the 
northern and the southern con- 
tinents in this respect. 



The following table 
gives the length of the 
coast line in each conti- 
nent, and the area without 
islands, in English miles: — 




ATJBTRATiTA 
8,450,800. 



Continents. 


Area. 


Length of 
Coast. 


Continents. 


Area. 


Length of 
Coast 


Asia 

NoJLxnerlca . 


8348,700 sq.m. 
17,»>,0OO " " 
9J0BMQO " '* 


19,800 m. 
83JHJ0 " 

W.TUO" 


Australia . . . 
SaAmerlca 


11,515^00 sq.m. 
8,486300 " " 


16,300 m. 

8,760 " 

14,700 M 



This table shows that Europe has 3,600 miles more of coast 
than Africa, though the latter has more than three times the 
area of the former. North America, but little larger than South 
America, has 12,000 miles more of coast. Australia, nearly the 
size of Europe, has less than half its length of coast. 



ANALYSIS OF SECTION II. 
I. Twofold Aspect of Continental Forms. 

a. Continent as a surface. 

b. Continent as a solid. 

c. Relative importance of the two. 



NORTHERN OOJNT1NJ9NT8. 



19.800. 



i 

^^BEE^f^Mf 





80.800. 




r 






17,860,800 

Sq. miles. 






■ 



BJOmTH 

87.700. 



SOUTHERN CONTINENTS 



16,900. 




8,780. 










^ 


8,088,400 
8*. mils*. 








s. 




anCHTOA., 
00. 




UOUTH AJ 
15.7 










1 






6,907,700 


i 











no. 4. 



LENGTH OF THE COAST-LUTE IN EACH CONTINENT, COMPARED WITH THE LINE ENCLOSING ITS 

CONSOLIDATED ABBA. 



II. General Fig-ore of Continents. 

1. Common Fundamental Figure. 

a. Figure belonging to all great 

masses. 

b. Examples. 

c. Figure of Australia. 

d. Inference from coincidence in 

fundamental form. 

2. Direction or Greatest Elon- 

gation. 

a. Tbe Americas. 

b. Asia-Europe. 

c. Africa and Australia. 

d. Effect of difference in direction 

of elongation. 

III. Continental Outlines. 

1. Differences exhibited bt Con- 

tinents. 

2. Importance of Irregularities. 

a. Influence on extent of coast and 

communication. 

b. Influence on climate. 

c. Influence on development of 

society. 

d. Coincidence between articula- 

tion of outlines and historical 
importance. 

8. Gradation of Continents in 
Articulation of Coasts. 

a. Europe. 

b. Asia. 

c. North America. 

d. Southern continents. Figure 

used by Rltter. 



These three continents ure aptly styled by Rltter, trunks without branches, 
or bodies without members ; while the three northern continents are styled 
beautiful trees with abundant spreading branches, or bodies richly articulated 
with useful members. 



4. Amount of Indentation of Continents. 

a. How exhibited by diagram. 

b. How exhibited by table. 
c Comparison of coast lines. 
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III. — VERTICAL FORMS OF CONTINENTS. 

I. General Relief Forms. 

1. Relief Defined. The vertical configuration of a conti- 
nent or island — that is, its elevation as a whole, varied by 
plains, table-lands, mountains, and valleys — is called its relief. 

The elevation of any given point, reckoned from the level of 
the sea as a common base, is called its altitude. The height 
of a hill, mountain, or plateau, above the surrounding country, 
is its relative elevation. 

2. Classes of Relief Forms. Although the forms of relief 
are exceedingly varied, they may all be referred to two great 
classes ; namely, elevations in mass, and linear elevations. 

Elevations in mass, or great areas of nearly uniform altitude, 
are called plains or lowlands, when their altitude is less than 
1,000 feet ; and plateaus or table-lands, when it reaches or ex- 
ceeds 1,000 feet. 

Linear elevations are those whose breadth is slight compared 
with their length. In this class are included chains of moun- 
tains and hills, and the intervening valleys. The term hills is 
applied to ridges less than 2,000 feet in elevation. 

3. Importance of a Study of Relief Forms. The loftiest 
mountains, when compared with the diameter of the Earth, are 
but as grains of sand upon a globe several feet in diameter ; yet 
the element of altitude so powerfully affects climate and organic 
life, that a knowledge of the reliefs of the several continents is 
of the utmost importance. 

A difference in altitude of no more than 830 feet, is sufficient 
to produce a difference in temperature of 1° Fahrenheit, being 
equivalent to a difference of seventy miles in latitude. An in- 
crease in altitude of but a few thousand feet, therefore, changes 
entirely the character of a region, like a removal of it from 
torrid to temperate latitudes, or from temperate to frigid. 

Again, the relief of a continent controls its drainage, shaping 
the river basins, and directing the course of its flowing waters ; 
and influences, to a certain extent, the direction and character 
of the winds, and the distribution of rain. 



II. Plains. 

1. Extent of Plains. Plains occupy nearly one-half of the 
surface of the continents. They are most extensive and unbro- 
ken on the Arctic slopes of the Old World, and in the interior 
of the two Americas. 

The great Siberian plain extends from the northeastern ex- 
tremity of Asia to the Ural Mountains and Caspian Sea ; and 
the European plain stretches from the Ural westward, through 
Russia and North Germany, to the lowlands of Holland. 

In North America the great central plain extends, with but 
slight interruptions, from the Arctic shores to the Gulf of 
Mexico. 

In South America the plains of the Orinoco basin, the Selvas 
of the Amazon, and the Pampas of the La Plata, form an unin- 
terrupted series of lowlands which, continued by the plains of 
Patagonia to the southern extremity of the continent, extend 
over a distance of 3,500 miles from north to south. 

The interior of Australia is also a plain of great extent. The 
plains of China, Hindostan, and the Euphrates basin, in Asia, 
justly celebrated as the seats of mighty civilized nations, are 
smaller and of a more local character. 

2. Surface. On account of differences in the character of 



their surface, plains may be divided into three general classes ; 
namely, alluvial, marine, and undulating plains. 

Alluvial plains are almost absolutely level, their surface often 
being unbroken by any elevation deserving even the name of 
a hill. 

They are formed of materials deposited by rivers upon over- 
flowed lands along their courses, or in shallow waters about 
their mouths, the deposits gradually converting the shallows 
into flat, moist lands. 

The most marked examples of alluvial plains are the delta of 
the Mississippi and the flat bottom land, from thirty to eighty 
miles in width, lying between its bluffs ; the great plains of the 
Amazon, the Orinoco, and the La Plata; the low plains of 
China, Hindostan, and the lower Euphrates; the delta and 
valley of the Nile ; and the plains of the Po and of the lower 
Rhine. 

Marine plains are so called because they seem to have been 
formed under sea-water, and resemble the sandy bottom of an 
ancient ocean. 

They show but slight inequalities of surface, due to local 
accumulations of sand drifted by the currents, or to other acci- 
dental causes ; and, where there is a scarcity of rain, the soil is 
frequently impregnated with salt, soda, and other substances 
remaining after the evaporation of sea-water. 

Plains of this class are situated, chiefly, on the shores of the 
continents, or around great salt lakes and inland seas; like 
the sandy plains of our Atlantic slope, and those adjacent to 
the Baltic, the Caspian, and the Aral Sea. 

Undulating plains have the surface varied by swells of greater 
or less elevation, but rarely much above the general level. They 
occupy an intermediate position between the highlands of the 
continents and the low alluvial and marine plains. 

Of this class are the larger part of the plains in the Mississippi 
basin, and the uplands at the eastern foot of the Appalachian 
Mountains ; the central and southern plains of Russia, and the 
eastern half of the Siberian plain. 

3. The productiveness and general aspect of plains vary 
as widely as their surface. 

Treeless plains, whose vegetation consists of grasses and other 
herbaceous plants, or stunted shrubs, occur in every continent, 
and are designated by a variety of terms. 

In North America the fertile treeless plains are termed "prai- 
ries " (meadows), while the sterile ones, east of the Rocky Moun- 
tains, are known as " the plains." 

In South America the Spanish term " llano " (plain), and the 
Peruvian "pampa," designate the treeless plains of the Orinoco 
and La Plata basins. Those of eastern Europe and Asia are 
denominated " steppes ; " while more limited treeless regions in 
western Europe are called " landes " and " heaths." 

Wherever treeless plains are subject to periodical rains, they 
lose their verdure in the season of drought, and assume the as- 
pect of a desert ; but they resume their freshness on the return 
of the rain, and many are adorned with a great variety of beau- 
tiful flowers. 

The marine plains being chiefly sandy, are the least fertile ; 
but the more favored ones produce forests of pine and excellent 
pasturage; like the Baltic plains of Europe, and the sandy 
plains on the Atlantic coast of North America. 

The plains of the Caspian Sea and western Siberia are dreary 
steppes, covered with coarse grasses, often growing in tufts, alter- 
nating with patches of heather, furze, dwarf birch, and other 
stunted shrubs ; or old sea bottom, covered with salt efflores- 
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cence. Immense reaches of flat country, near the Arctic shores 
of Asia and Europe, consist of frozen marshes, called tundras, 
where mosses and lichens are almost the only vegetation. 

The undulating plains produce the most extensive forests of 
temperate latitudes ; but where subject to long summer droughts, 
— as in the western half of the Mississippi basin, in southern 
Russia, and in many other localities, — these plains are often 
treeless. 

The alluvial plains are among the most valuable portions of 
the globe. There the waters, descending the slopes of the con- 
tinents, meet, bringing with 
them the spoils of the up- 
land, and accumulating that 
rich soil upon which, in all 
periods of history, men have 
gathered by millions. 

On the alluvial plains of 
the Old World civilization 
began and developed; and 
their inexhaustible fertility 
supplied the wants of the 
most populous nations of 
antiquity. The great cen- 
tres of ancient civilization 

in Egypt, China, India, and Babylonia, all had their growth in 
alluvial plains, built up and fertilized by the mighty rivers 
which traverse those countries. 

In the New World are the cane fields and forests of the lower 
Mississippi ; the Llanos of the Orinoco, during one-half of the 
year covered by the richest pasturage, bright with flowers, but 
during the other half a parched waste ; the Selvas of the Ama- 
zon, a luxuriant forest covering more than a million square 
miles; and the treeless Pampas, with their tall grasses and 
thickets of clover and thistles : all illustrating the endless rich- 
ness and variety of nature. 

4. Altitude. Alluvial and marine plains generally have but 
a slight altitude, while the undulating plains are sometimes 
considerably elevated. The Mississippi valley, at St. Louis, 
1,000 miles from the ocean, is hardly 400 feet above the sea- 
level ; and the Amazon, at an equal distance from the sea, 
does not reach 250 feet. The marine plains adjacent to the 
Caspian and Aral seas are still lower, the larger portion being 
below the sea-level. 

5. The area covered by lowlands In each continent is shown, approxi- 
mately, in the following table, which gives their extent in English square miles, 

and their proportion to the entire area of the continent. 



b. Effect of elevation on climate. 

e. Effect of relief on drainage of continent*. 



H. Plains. 



1. Extent or Plains. 

a. Proportion to entire area of continents. 

b. Geographical position of great plains. 

c. Examples. 
Siberian Plain. 
European Plain. 
Plains of North America. 
Plains of Sooth America. 
Plains of Australia. 

d. Less extensive plains. 

2. Subvacb or Plains. 

a. Alluvial plains. 

Surface. 

Formation. 

Examples of alluvial plains. 

b. Marine plains. 
Their nature. 
Surface and soil. 
Geographical situation. 
Examples. 

c. Undulating plains. 
Surface. 
Examples. 

3. Productiveness or Plaiks. 

a. Treeless plains, how designated. 
In North America. 
In South America. 
In Eastern Europe and Asia. 
In Western Europe. 

and lowland in nacb ooNTiNNNT. Treeless plains under periodical 

rains. 

b. Marine plains. 

c. Undulating plains. 

General character. 
Exceptional regions. 

d. Alluvial Plains. 

General character. 
Alluvial plains of Old World. 
Alluvial plains of New World. 
4. Altitude or Plains. 

a. Altitude of different classes. 

b. Examples. 
6. Ajula or Plains. 



Countries. 


Area of Lowlands. 


Propor- 
tion. 


Countries. 


Area of Lowlands. 


Propor- 
tion. 


Europe .... 
North America . 


7,116,000 sq. miles. 
2,641,000 " " 
3,840,000 " " 


} 
i 


Africa .... 
South America . 
Australia . . . 


1,000,000 sq. miles. 
5,417,000 " •« 
2,600,000 " " 


* 



ANALYSIS OF SECTION HI. 

I. General Relief Forms. 

1. Relief Defined. 

Relief distinguished from altitude. 

2. Classes or RsLisr Forms. 

a. Elevations in mass. 

Plains. Plateaus. 

b. Linear elevations. 

Mountains. Hills. 
8. Importance or Study or Relists. 

a. Greatest elevations compared with diameter of Earth. 



IV. — VERTICAL FORMS OF THE CONTINENTS 

(continued). 

I. Plateaus. 

1. Plateaus are situated either between two lofty moun- 
tain chains, which form their margins, or descend by successive 
terraces to the nearest seas ; or they pass, by insensible grada- 
tions, from the base of high mountains to the low plains in the 
interior of the continents. 

The Great American Basin, between the Rocky and Sierra 
Nevada Mountains, and the plateau of Thibet, between the 
Himalaya and Kuenlun mountains, are examples of the first 
position ; and the table-land of Mexico, of the second. The 
third is seen in the high plains at the eastern foot of the Rocky 
Mountains, which descend from an altitude of 5,000 or 6,000 
feet, at the foot of the mountains, to the low plains in the 
centre of the Mississippi basin. 

2. The surface of plateaus varies as widely as that of 
plains, some, like the Great American Basin, being even quite 
mountainous; but in all cases the lowest part of the plateau 
has still a considerable elevation. 

Although in the sloping plateaus, such as the one east of the 
Rocky Mountains, there may be no well defined limit at which 
the name of plateau must be exchanged for that of plain, yet 
striking differences in climate, as well as in vegetable and ani- 
mal life, distinguish the plateaus in general as one of the most 
strongly marked geographical forms. 

3. Elevation of Plateaus. The plateaus most remarkable 
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for their elevation are, Thibet, from 10,000 to 18,000 feet above 
the Bea ; and the elongated valley-like highlands, from 10,000 to 
13,000 feet high, between the two chains of the Andes, in South 
America. These, with some smaller regions, also situated be- 
tween lofty mountain ranges, may be denominated plateaus of 
the first order. 

Plateaus of the second order, averaging from 4,000 to 8,000 feet, 
are the most ex- 
tensive. EaBt 
Turkestan and 
Mongolia, in 
central Asia; the 
plateau of Iran, 
in western Asia; 
Abyssinia, and 
the vast plateau 
which occupies 
all the southern 
part of Africa; 
and the broad 
table-land which 
fills the western 
half of North 
America with a 
continuous mass 
of high land, — 
are examples of 
this order. 

Plateaus of the 
third order, from TH , gKEXt „„„„ rLi „ xv OF „„„ 

1,000 to 4,000 

feet in altitude, occupy the great peninsulas ; as the Deccan, 
Arabia, Asia-Minor, and Spain. The central plateau of France, 
and those of Switzerland, Bavaria, and Transylvania, are of the 
same order. 

4. Importance of Plateaus. Great plateaus of the first 
and second orders, together with their accompanying mountain 
ranges, form the nucleus or back-bone of almost every conti- 
nent ; determining its general form, and, to a great extent, 
the direction and combination of its water courses. 

5. The nature of the soil and climate of great plateaus is 
in general such as to render them the least useful portions of 
the continents. 

Sahara, with an average altitude of 1,000 feet, and the higher 
plateaus of Mongolia, Iran, and the Great American Basin, may 
serve as types. 

Their surface consists of hardened sand and rock ; of hillocks 
and plains of loose sand constantly shifting by the wind ; and 
of immense tracts, as in 
Mongolia, covered with 
pebbles varying from the 
size of a walnut, or even 
less, to a foot in diameter: 
all indicating the original 

transporting, grinding, and depositing of these materials by 
water. 

Salt lakes without outlet occur in each, and salt efflorescence 
often covers the ground. 

A lack of rain to wash from the soil substances injurious to 
vegetation, and furnish the water necessary for the growth of 
plants, leaves these plateaus generally sterile, and some of the 
most extensive are in part, if not wholly, deserts. 



II. Mountains. 

1. Appearance op Mountains. Mountains rise in long 
and comparatively narrow lines or ridges, the tops of which are 
often deeply indented, presenting to the eye the appearance of 
a series of peaks detached one from another. As each of these 
peaks or distinct elevations is called a mountain and often 
receives a sepa- 
rate name, the 
common desig- 



nation chain or 
range of moun- 
tains is natural- 
ly applied to the 
whole. 

2. A MOUN- 
TAIN CHAIN, 

therefore, is not 
a series of iso- 
lated peaks 
touching each 
other only at the 
base, but bas the 
form of a prism 
with a broad 
base and two 
opposite slopes. 
The upper edge 
of some is near- 

I'B •■IKltA HEIR POBT Dllljiu-.il ^7 CVeU, OS Ul 

the Appalachian 
Mountains, — of others deeply indented, as in the Rocky Moun- 
tains and the Alps. 

These indentations, even in extreme cases, do not extend 
more than half way to the base, leaving the lower part of the 
mountain chain an unbroken or continuous mass. 

The top of the ridge, from which the waters descend on 
opposite sides, is called the crest; and the notches between the 
peaks, from which transverse valleys often stretch like deep fur- 
rows down the slopes of the chain, are called passes. 

3. Mountain System. Mountain chains are seldom isolated, 
but are usually combined into systems, consisting of several 
more or less parallel and connected chains, with their interven- 
ing valleys, — as the Appalachian system, the Alps, and the 
Andes. 

These systems often form great mountain zones, thousands of 
miles in length and several hundred miles broad; hence their 
general slope averages but few degrees. In many cases one 
side of the system is flanked 
by a plateau descending 
very gradually towards the 
distant plains ; while on 
the other side an abrupt 
descent terminates in low 
plains lying at the base of the mountains. This formation is 
apparent both in the Alps and the Himalaya Mountains. 

4. Formation of Mountains. Most mountain chains seem 
to have been produced by tremendous lateral pressure in por- 
tions of the Earth's crust, causing either long folds, or deep 
fissures with upturned edges rising into high ridges, the broken 
strata forming ragged peaks. j^ 

There are, accordingly, two distinct types of mountain erauns 
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— mountains by folding, which are generally of moderate eleva- 
tion ; and mountains by fracture, to which belong the highest 
chains of the globe. The Appalachian Mountains in North 
America, and the Jura in Europe, are examples of the first; the 
Rocky Mountains, Andes, Alps, and Himalayas, of the second. 
(See Figs. 6 and 7.) 

5. Mountains by folding are curved into long arches, either 
entire or broken at the summit ; forming a system of long, par- 
allel ridges, of nearly 
equal height, separated 
by trough- like valleys. 
The crests of the ridges, 
seen against the horizon, 
present a nearly uniform 
outline, with neither sharp 
peaks nor deep passes. 
Here and there, however, 
deep gaps, or gorges, cut the chains transversely to their base, 
allowing the rivers to escape from one valley to another. 

These gap? are numerous in the Appalachian Mountains. All the long rivers 
entering the Atlantic north of the Roanoke, rise in or beyond the westernmost 
range, and cross the other ranges eastward through such breaks. 

South of the Roanoke similar gaps permit the streams rising in the eastern- 
most range to cross the system westward, and enter the Mississippi. 

6. Mountains by Fracture. In systems of mountains pro- 
duced by fracture, there is usually one main central chain, with 
several subordinate ranges. They have, however, less regularitj' 
and similarity among themselves than the parallel chains of 
mountains by folding. 

The crests are deep- 
ly indented, cut down 
one-third or one-half 
the height of the 
range, forming iso- 
latedpeaks and passes 
which present to the 
eye the appearance of 
a saw, called in Span- 
ish, Sierra ; in Portu- 
guese, Serra. Such 
ranges are frequently 
distinguished by these 
terms, as the Sierra 
Nevada, in North 
America ; and the Ser- 
ra do Mar, in Brazil. 

HI. Valleys. 

1. Valleys occur 
both in mountain sys- 
tems and in the more 

uniform surface of th« •>***.? c»Si>* ahd lowib 

plateaus and plains. 

2. Valleys among mountain ranges owe their existence 
primarily to folds or fissures in the Earth's crust, produced in 
the upheaving of the ranges ; but they are subsequently deep- 
ened, widened and otherwise changed in form and extent, by 
the action of rains and frosts, and the streams to which they 
furnish a pathway. 

Mountain valleys are distinguished as longitudinal and trans- 
verse, the former lying parallel with, and the latter crossing, the 
ranges. In mountains by folds the longitudinal valleys are nu- 
merous and extensive, the transverse comparatively few. 



In mountains by fracture, though the main valleys are longi- 
tudinal, the transverse valleys are the most numerous and 
strongly marked. They usually consist of a series of basins 
between the ranges, connected by narrow defiles or clefts with 
precipitous sides. The basins become successively lower, as 
they recede from the origin of the valley, the connecting defileB 
usually having a considerable slope. Most of the Alpine lakes, 
celebrated for their picturesque beauty, occupy deep basins at 
the outlet of transverse 
valleys. 

S. Valleys in plains 
and plateaus are mainly, 
if not entirely, the result 
of the erosion, or wear of 
the surface, by running 
water. 
Little rills, formed by 
the rains or issuing from springs, set out on their course down 
the slope of the ground, each wearing its small furrow in the 
surface. Uniting they form a rivulet which wears a broader 
and deeper channel; and the rivulets in turn combining, form 
rivers which produce still greater effects. 

Thus the entire surface of plains is furrowed by valleys de- 
scending from the higher to the lower levels. In the lower 
course of the streams the valley is usually wider and less deep 
than in the upper. 

In the great basin of the Mississippi, for example, is one grand 
central valley, cut by 
the main stream in 
the line of lowest 
level, towards which 
the valleys of the 
Missouri, the Arkan- 
sas, the Ohio, and a 
multitude of smaller 
streams, all converge. 

The centra* valley, in 

tin: upper course of the 

stream, is from 300 to 500 

feet deep, its boundaries 

consisting of abrupt bluffs 

from whose top stretches 

away the surrounding 

plain; and the breadth of 

the valley docs not much 

exceed that of the stream 

in time of high water. In 

the middle course, below 

the Missouri, it attains a 

width of ten miles, while 

the height of the bluffs, or 

more properly the depth of 

the valley, Is only about 200 

feet. Farther down the 

falls i>i iBB vellovotonb. stream the valley Is from 

60 to 80 miles wide, while 

the depth gradually decreases. {See page 48, Section of the Mississippi Valley.) 

The most remarkable examples of valleys by erosion occur in the 

plateaus adjacent to the Rocky Mountains. The Grand Cafion 

of the Colorado, 300 miles long, has a depth of from 3,000 to 

6,000 feet below the surrounding country. The sides of this 

tremendous gorge, which are nearly or quite precipitous, exhibit 

the successive geological strata down to the oldest rocks. A 

similar formation exists in the upper course of the Yellowstone, 

one of the main tributaries of the Missouri, and to a less extent 

in all the streams flowing through the high barren plateaus. 
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The term valley is frequently, but very improperly, applied to the entire basin 
of a river, whence great misconceptions result in discussing the character and 
formation of valleys. Thus the burin of the Mississippi, — that is, the entire 
area drained by the stream, stretching from the Rocky to the Appalachian 
Mountains, — is frequently called the ** great Mississippi Valley;" but the latter 
term properly applies only to the depression within which the course of the 
river lies. This was excavated by running water; but the basin, or the great 
trough between the two mountain systems, was the work of those general forces 
which uplifted the continents. 

4. Valleys descending the slopes of mountains are 
formed in the same manner. In the language of Dana : — 

" The gathering drops make the rill, and the rill its little furrow ; rills com- 
bine into rivulets, and rivulets make a gully down the hill-side ; rivulets unite to 
form torrents, and these work with accumulating force, and excavate deep 
gorges in the declivities. Other, torrents form in the same manner about the 
mountain ridge, and pursue the same work of erosion until the slopes are a 
series of valleys and ridges, and the summit a bold crest overlooking the eroding 
waters. . . . The larger part of the valleys of the world are formed entirely 
by running water." 

IV. Common Features of Continental Belief. 

1. Structure of Continents. Although there is in each 
continent a peculiar combination of mountain systems, plateaus, 
and plains, giving it a distinctive character, yet there are certain 
grand features common to all. 

Each continent has upon one side of the centre a great mass 
of elevated lands, usually extending throughout its entire 
length, and constituting the primary feature of its structure. 

On the opposite side is found a similar, though smaller and 
less elevated mass, extending through but a part of the conti- 
nent, and constituting the secondary feature of the continental 
structure. 

Between the primary and secondary elevations is a central 
depression, which forms the third feature common to all the 
continents. 

2. Continental Axes. The great dividing ridges, from 
which the continent, as a whole, slopes in opposite directions, may 
be called the main axis of the continent. The lesser highlands, 
separating into opposite slopes the part of the continent in which 
they are situated, form a secondary axis. 

The converging directions of their fundamental axes give to the 
continents their common tendency towards a triangular form ; 
while the peculiar combination of mountain chains, plateaus, and 
plains in each continent, determines its individual figure and 
contours. 

ANALYSIS OF SECTION IV. 
L. Plateaus. 

1. Situation of Plateaus. 

a. Situation described. 

b. Examples. 

2. Surface of Plateaus. 

a. General character. 

b. How plateaus differ from plains. 
8. Elevation of Plateaus. 

a. Plateaus of first order. 

b. Plateaus of second order. 

c. Plateaus of third order. 

4. Importance of Plateaus in 8tructube of Continents. 

5. Character of Plateaus. 

a. General character stated. 

b. Examples In great plateaus. 

Their surface. Their soil. 
IX Mountains. 

1. Appearance of Mountains. 

2. Mountain Chain Described. 

a. General form and character. 

b. Crest. 

c. Passes. 

3. Mountain 8ystex. 

a. Consists of what. 

b. Breadth and slope, 
e. Adjacent regions. 

4. Formation of Mountains. 

a. Upheaval, how produced. 

b. Main types of mountain chains. 

Names and difference in height. Examples. 



5. Mountains by Folding. 

a. General character. 

b. Crests. 

c. Gaps. Example in Appalachian Mountains. 

6. Mountains by Fracture. 

a. Ranges. % 

b. Crests. 

III. Valleys. 

1. Valleys Occur where. 

2. Valleys among Mountain Ranges. 

a. Origin due to what. 

b. Subsequent modifications. 

c. How distinguished. 

d. Valleys in mountains by folding. 

e. Valleys in mountains by fracture. 

3. Valleys in Plains. 

a. Cause. 

b. Mode of formation described. 

c. Examples in Mississippi basin. 

Grand Canon of the Colorado. 
Similar formations where. 

d. Erroneous use of term valley. Example. 
4. Valleys Descending Mountain Slopes. 

a. Dana's description of formation. 

b. Dana's statement of origin of valleys. 

IV. Common Features of Continents. 

1. Structure of Continents. 

a. Existence of features common to all. 

b. Primary highlands. 

c. Secondary highlands. 

d. Central depression. 

2. Continental Axes. 

a. Main Axis. 

b. Secondary Axis. 

c. Effect of convergence. 

d. Effect of combination of relief forms. 



MAP STUDIES ON RELIEF FORMS. 

Note. — The plain* are represented on the map, pages 28 and 29, by green; plateau* of the 
second and third orders by brown, and those of the first order by white. The light shading, in 
the representations of mountain*, Indicates the lower ranges, and heavy shading, the higher. 

The profile at the bottom of the map shows the comparative elevation of the principal plateaus 
and mountains of the globe. Their altitude can be ascertained by means of the scale, which is 
separated into parts of 6,000 feet each. 

In what part of North America are the great plains ? 

In what part of the continent is the greatest highland region ? 

What mountain system included in this region ? 

What mountain system near the Atlantic coast? 

How do the Rocky and Appalachian Mountains compare in direction ? 

How do they compare in height and extent ? 

What great mountain system on the western coast of South America ? 

What form of relief prevails in the eastern part of the continent? 

How do the mountains on the plateau of Brazil compare with the Andes in 
direction ? 

How do they compare with the Andes in elevation and extent? 

In what part of South America are the great plains ? 

How (see profile) do the Rocky Mountains compare with the Andes in height ? 

How do the western plateaus of North America compare in elevation with those 
in the Andes ? 

In what part of Asia are the most extensive plains ? 

In what part of the continent is the plateau of Thibet ? 

What two mountain systems border this plateau ? 

What mountain chains immediately south of the great northern plains of Asia? 

What mountain chain and plateau between the Altar and the Kuenlun Moun- 
tains? 

How (see profile) does the plateau of Mongolia compare in elevation with Thibet ? 

What form of relief predominates in the western part of Asia ? 

What forms of relief predominate in the great peninsulas of Asia? 

In what part of Europe are the great plains? 

What mountains separate the European plains from the Asiatic? 

In what direction do the Ural Mountains extend ? 

What form of relief predominates in the southwestern part of Europe ? 

What relief form predominates in the peninsula of Norway and Sweden ? 

How (see profile) do the plateaus and mountains of Europe compare in height 
with those of Asia ? 

What is the dominant relief form in Africa ? 

In what part of the continent are the longest and highest mountain ranges ? 

Where are the largest plains of Africa ? 

What relief form occupies the Island of Madagascar ? 

What form of relief is most extensive in Australia ? 

In what part of the continent are the great plains ? 

In what part of the continent is the principal elevated region ? 

How do the mountain ranges in the Islands of New Zealand compare with those 
on the eastern coast of Australia ? 

How do the mountain ranges in the Asiatic islands compare in direction with 
the chains on the adjacent coasts ? 
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f._ STRUCTURE OF THE NEW WORLD. 

BDtrcTroN. The New World as a whole shows a marked 

I structure, one common plan pervading the two Americas. 

I the main axis, which extends unbroken through the 

length of the continent, lies near the western shore; 

idary axis near the eastern. Vast low plains occupy the 

but the plains on the seaward slopes of the axes 

of limited extent. ^ 

and South Amer- 

'ever, differ greatly 

Retails of their struc- 

k well as in their 

fie situation, each 

sing peculiar charae- 

jps which show it to have been constructed for the per- 
jbce of a distinct part, both in the realm of nature and 
I history of human progress. 

krth America. 

TE. Figure 8 represents to the eye a section of North America along a line 
cting Delaware, and San Francisco Bays. The horizontal base of the draw- 
presents the level of the sea. The irregular top line indicates the successive 
ions and depressions of the sur- 
fclong the line specified, the alti- 
jof which can be ascertained by 

• of the scale at the margin. 

tmap exhibits the relative posi- 
the great features of continental 
% and the altitudes of mass eleva- 

* The mountains are represented 
feaight or broken lines, the heavier 
{Indicating the higher ranges. The 
id lines represent swells of land 
Jlightly above the general level. 

l« The Pacific Highlands, 

ich form the primary fea- 

re of North America, occupy 

most all the western half of 

t continent, extending from 
B Arctic Ocean to the Isth- 
us of Panama. 

This region consists of a vast 
jateau, surmounted by two 
flfty mountain systems, — the 
fcocky Mountains and the sys- 
era of the Sierra Nevada, — 
Jrith numerous shorter par- 

Illel ranges lying between 
hem. 

The breadth of the plateau, 

fcetween the Sierra Nevada and 

-Rocky Mountains, is not less 

/than 600 miles, and the more 

J northern ancl southern portions have an average breadth of 

: about 300 miles. The elevation increases, through a succession 

of swells and depressions, from 800 feet near the Arctic shores 

to 8,000 in the table-land of Mexico, whence it decreases rapidly 

southward. 

Two remarkable depressions occur in the plateaus east and 
southeast of the Sierra Nevada. Death Valley, into which the 
Amargoza River flows, is situated east of the highest part of 
the Sierra Nevada. It is about forty miles long ; and its centre 
-is, in winter, a salt marsh whose surface is more than 100 feet 
below the sea level. 
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The Colorado Desert is the dry bed of an old salt lake, situ- 
ated west of the lower Colorado, and near the head of the Gulf 
of California. The lowest part of its surface is about 300 feet 
below the sea level. 

The Rocky Mountain system, which forms the main axis of 
the continent, is composed of several distinct chains, approxi- 
mately parallel, and bound together by numerous cross ranges. 
Although these mountains, in the highest part of the system, 

between 35° and 40° north 
latitude, rise no more than 
6,000 or 8,000 feet above 
the surrounding country, 
they are from 12,000 to 
~~ 15,000 feet above the sea 
level. The crests in this 
part of the system are generally high ; but farther north they are 
often deeply indented, and the peaks bold and quite irregular. 

The Sierra Nevada and Cascade Mountains form the western 
border of the great plateau. Their eastern slope is short and 
abrupt, their base resting upon the plateau, which is from 2,000 
to 4,000 feet in elevation. The western slope is long and gentle, 
descending into extensive valleys which are but little above the 

level of the sea. 
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The Sierra Nevada chain is 
lofty and continuous, but the 
Cascade is lower, and is studded 
with numerous volcanic cones, 
some of which are still active. 
The highest peaks are from 10,- 
000 to 15,000 feet in elevation. 
Low mountains, called the 
Coast Ranges, lie between these 
border chains and the Pacific 
Ocean. Both the border and 
the coast chains appear to con- 
tinue northward to the western 
projection of the continent; 
but the Coast Ranges, north 
of Cape Flattery, are broken 
into a series of islands. 

2. The Atlantic High- 
lands, which form the second- 
ary feature of the continent, 
extend from the northern coast 
of Labrador nearly to the Gulf 
of Mexico ; approaching, but 
not meeting, the western high- 
lands on the south. 

This region consists of the pla- 
teau of Labrador, with the Lau- 
rentide Mountains, on the north 

of the St. Lawrence ; and the Appalachian Mountain system 

and adjacent low plateaus, on the south. 

The Labrador plateau is only about .2,000 feet in elevation ; 

and its mountains, which are generally parallel with the St. 

Lawrence, are rarely above 4,000 feet. 

The Appalachian region is composed of a succession of low, 

parallel mountain ranges, separated by long, trough-like valleys ; 

and a plateau about 2,000 feet high, which descends gently from 

the crest of the westernmost range, towards the interior of the 

continent. 

The average height of the mountain chains is but 3,000 feet. 
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They are lowest near the centre of the system, in northern 
New Jersey, and thence rise gradually to the north and the 
south, attaining their greatest altitude near their southern 
terminus. 

The system is broken transversely through its entire breadth by a deep cleft, 
from the centre of which the Hudson flows southward to the sea, and the waters 
of Lake Champlain northward to the St. Lawrence. 

East of the Appalachian Mountains a rolling plain descends 
gradually, terminating in a flat 
tide-water region adjacent to 
the ocean. 

3. The Central Region of 
the continent is a great plain, 
which, with but slight variations 
of level, stretches from the Arc- 
tic shores to the Gulf of Mex- 
ico. A slight swell near the cen- 
tre, designated the Height of Land, separates it into two parts, one 
descending northward to the Arctic Ocean ; the other, southward 
to the Gulf. This swell, which connects the Atlantic with the Pa- 
cific highlands, is only from 1,000 to 2,000 feet above the sea level. 

The central plain is formed by 
the long gentle slope descend- 
ing eastward from the base of 
the Rocky Mountains, and the 
western slope from the Atlan- 
tic Highlands. On the south 
their intersection is marked by 
the position of the Mississippi 
River. 

On the north a broad low swell, 
approximately parallel with the 
Rocky Mountains, extends from 
Lake Superior to the Arctic 
shores, separating the northern 
plain into two vast basins. 
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The western basin, which is narrow 
and elongated, is connected with the 
eastern by a break in the dividing swell, 
through which the Nelson River flows to 
Hudson Bay. The eastern basin, which 
is more expanded, is partly below the 
level of the sea and covered by the 
waters of Hudson Bay. 

A series of remarkable depressions, 
occupied by the great lakes of the Mac- 
kenzie and Saskatchewan river systems, 
— Great Bear, Great Slave, Athabasca, 
and Winnipeg, — marks the intersection 
of the northern swell with the slope from 
the Rocky Mountains. 

On the Height of Land, near its junc- 
tion with the northern swell, are three 
vast depressions, diverging from a com- 
mon centre, with a depth reaching con- 
siderably below the level of the sea. 

These are filled by the waters of the great lakes— Superior, Michigan, and 
Huron. 

Similar, though less extensive, basins in the St. Lawrence valley are occupied 
by lakes Erie and Ontario. 



II. South America. 

1. Distinguishing Features. This continent has, like 
North America, the greater highland parallel with the western 
shore, and the lesser with the eastern; while a vast central 
region of low plains stretches between them. 




But the western highland of South America, the Andes Moun- 
tains, is a single narrow system, composed of two main chains 
and an intervening valley, all of great height; while that of 
North America is a vast plateau, surmounted by two great 
systems of mountains, hundreds of miles apart and of medium 
height. 

The eastern highland is a low plateau, occupying, at its great- 
est extension, two-thirds of the breadth of the continent, while 

that of North America is a 
narrow mountain region. 

Again the central plain of 
North America is divided, by 
distinctly marked water-sheds, 
into separate basins and slopes ; 
and is characterized by numer- 
ous great depressions, in which 
are formed the most remarka- 
ble belt of lakes on the globe ; but the great plains of South 
America are exceedingly flat, have scarcely distinguishable 
water-sheds, and are destitute of great lakes. 

2. Primary Highland. The Andes Mountain system, in the 
larger part of its extent, consist* 

of two parallel chains whose 
crests are separated by broad, 
plateau-like valleys, from 20 to 
60 miles wide, and from 8,000 
to 13,000 feet high. Near the 
northern terminus there are 
three diverging chains instead 
of two, and near the southern 
there is but one. 

Numerous cross swells, or 
mountain knots, connect the 
ranges, separating the high in- 
tervening valley into a number 
of distinct basins. The broad- 
est and highest of these is the 
Plateau of Bolivia, opposite the 
Gulf of Arica, the great inden- 
tation of the Pacific coast. 

The altitude of the Andes in- 
creases from the Isthmus of Pan- 
ama southward to the Plateau of 
Bolivia, where the crests rise to 
16,000 feet, and the highest peaks 
are from 20,000 to 25,000 feet in 
elevation. The breadth of the sys- 
tem is only from 200 to 800 miles. 
The slopes are abrupt and 
deeply cut by transverse valleys. 
No longitudinal valleys occur on 
the western slope, and but few 
on the eastern slope of the central Andes. 

The summit of the ranges is not a narrow, sharp ridge, but is 
often a plateau-like expansion, sometimes several miles broad, 
from which numerous volcanic peaks rise abruptly. 

3. The Secondary Highland, called the Plateau of Brazil, 
has an average elevation of only 2,500 feet, and is comparatively 
level. It is, however, surmounted at intervals by ranges of low 
mountains, which are approximately parallel, but are connected 
at the south by cross ranges and swells of land, forming a trans- 
verse water-shed, called the Serra dos Vertentes. 



SOUTH AMERICA 



qf BUfflUB in . 



STRUCTURE OF ASIA 



33 



The highest and most continuous ranges, forming the second- 
ary axis of the continent, extend along the eastern coast, reach- 
ing their greatest elevation west of Rio Janeiro. Their average 
altitude is from 4,000 to 6,000 feet, the highest peaks reaching 
nearly 10,000 feet. 

A subordinate highland region, called the Mountain-land of Guiana, lies in 
the northern part of the continent. It is a low plateau, covered with short ranges 
of medium height, extending in an east and west direction, and increasing in 
elevation towards the southwest, where Maravaca peak reaches 8,000 feet. 

4. The Central region is chiefly a vast alluvial plain, but 
few hundred feet above the level of the sea, and almost devoid 
even of such slight swells as divide the great interior plain of 
North America. 

On the east the plains of the Amazon are separated from those 
of the Orinoco and La Plata by the secondary highland regions ; 
but farther west the three plains are blended into one, with only 
very slight water-sheds between them. 
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ANALYSIS OF SECTION V. 

Introduction. 

a. Common plan of structure. 

b. Differences in North and South America. 



I. North America. 



1. Primary Highlands. 

a. Position and extent. 

b. Structure. 

c. Breadth of plateau. Elevation. 

d. Depressions. 

e. Rocky Mountain system. 

Consists of what. 
Elevation of highest part. 
Crests and peaks. 

f. Sierra Nevada and Cascade mountains. 

East slope and base. West ditto. 
Continuity of chains. 
Coast mountains. 
Northward prolongation. 

2. Secondary Highlands. 

a. Position and extent. 

b. Structure. 

c. Labrador plateau and mountains. 

d. Appalachian region. 

Structure. 
Elevation. 
Breaks. 

e. Eastern slope. 

3. Central Region. 

a. Character. Dividing swell. 

b. Formation by slopes. 

Intersection on the south. 
Separation on the north. 

c. Depressions. 

In west basin. 

In height of land. 

In St. Lawrence valley. 



II. South America. 



1. Distinguishing Features. 

a. Position of highlands. 

b. Highlands compared with North America. 

c. Central Plain ditto. 

2. Primary Highland. 

a. Structure in the larger part. 

b. Structure of extremities. 

c. Divisions of valley. 

d. Altitude. 

e. Breadth. 

f. Slopes. 

g. Summit. 

8. Secondary Highland. 

a. Elevation and surface. 

b. Mountains surmounting it. 

Character and direction. 
Highest ranges. 

c. Subordinate mountain region. 
4. Central Region. 

a. Character. 

b. Elevation. 
e. Surface. 



VI. — STRUCTURE OF ASIA. 

I. Introduction. 

1. The Double Continent, Asia-Europe. Asia and Europe 
have, like the two Americas, a remarkable similarity in their gen- 
eral plan of structure, and are so closely connected as to form but 
one great continental mass, analogous to the New World. Yet 
each possesses striking physical peculiarities which secure to it 
a marked individuality, and constitute it a distinct continent. 

Asia is the main body of the double continent, Europe the pe- 
ninsula portion. A natural separation between them is formed 
by the belt of low, marine plains, east of the Ural Mountains 
and river, and the vast depressions occupied by the Caspian and 
Black seas. 

2. Common Features. In both Asia and Europe the primary 
and secondary highland regions extend east and west ; each in- 
cludes several separate mountain systems or plateaus ; and the 
secondary highlands are near the centre of the continent. 

The central depression in each consists largely of plateaus, and 
is small compared with the extent of the continent, the great 
plains lying between the secondary highlands and the sea. 

A series of subordinate elevations lies between the primary 
highlands and the sea, forming the great peninsulas which mark 
the southern shores of both continents. 

3. Asia is characterized by the division of its mass into 
two parts, — Eastern and Western Asia, — each of which has 
a certain individuality of character. The former includes the 
great body of the continent ; but all the peculiarities of its 
structure are repeated on a smaller scale, and in a somewhat 
modified form, in the latter. 

Each has its primary and secondary highlands crowded towards 
the centre, the intervening region being a plateau ; large low 
plains form the northern slope, and smaller plains and peninsular 
highlands, the southern. 

II. Eastern Asia. 

1. The Interior of Eastern Asia is a vast square mass of ele- 
vated land, where the primary and secondary highlands, and the 
intervening lower plateaus, are all crowded within one-third of 
the breadth of the continent. From its margins the land de- 
scends on every side — on the north to the Arctic Ocean, on the 
east to the Pacific, on the south towards the Indian Ocean, and 
on the west to the low basin of the Caspian and Aral seas. 

2. The Primary Highland region, which is situated south of 
the centre, is a vast swell of land including the highest mountains 
and plateaus of the globe. It consists mainly of the Himalaya 
and Kuenlun chains, and the intervening mountainous plateau 
of Thibet ; but the lower plateaus and mountains of southern 
China continue this feature of the continent to the Pacific shores. 

Mount Everest, in the Himalayas, is the highest mountain 
known, its altitude being over 29,000 feet. Many peaks in this 
and the adjacent ranges are above 25,000 feet. The plateau of 
Thibet, which is surmounted by the Karakorum Mountains, 
scarcely inferior to the Himalayas in altitude, is highest in the 
western part, reaching in some places nearly 19,000 feet. Its 
average height is 16,000 feet. 

3. The Secondary Highland is a broad expanse of plateaus 
and mountains, having the Thian Shan chain on its southern 
margin, and the triple chain of the Altais on the northern. 
The highlands are prolonged, by the Yablonoi and lower ranges, 
to the north-eastern angle of the continent. 
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The greatest altitude is attained in the western part of the Thian 
Shan, where the highest peaks are from 15,000 to 20,000 feet high. 

The primary and secondary highlands converge on the west, 
and are connected, at the terminus of the Himalayas, by the high 
plateau of Pamir. Both are continued westward, beyond the con- 
necting plateau, by lower 
rangeswhieh extend nearly 
to the meridian of the Ural 
Mountains. 

On the east the Great 
Khingan, and other ranges 
having a general north and 
south direction, partially 
connect the Yablonoi with 
the Himalaya Mountains. 

4. The Central Depression consists of the great low pla- 
teau of Eastern Turkestan and Mongolia, between the primary 
and secondary swells, which stretches without interruption from 
the plateau of Pamir on the southwest, to the Great Khingan 
Mountains on the northeast. 

Though this vast basin is from 2,000 to 4,000 feet above 
♦he sea level, yet it lies 
from 6,000 to 12,000 feet [* K& 
below the neighboring 
plateau of Thibet. Near 
the mountains the soil is 
fertile, and supports a 
large population. In the 
interior the surface is 
generally covered with 
Band and pebbles, form- 
ing the so-called deserts 
of Gobi and Shamo ; yet 
many portions produce a 
scanty vegetation. 

The open valleys sepa- 
rating the Thian Shan 
and Altai Mountains, 
form the main connec- 
tion between this barren 
plateau and the more 
fertile and populous re- 
gions of western and 
southern Asia. 

5. The Slopes. The 
long northern slope of 
eastern Asia forms the 
vast Siberian plain. The 
eastern lialf is elevated, 
and its surface is rugged 
or hilly; but the west- 
em part, including the steppes of the Obi basin, is more level, 
and only about 250 feet in average elevation. 

The eastern slope, extending from the Khingan and more south- 
eily ranges to the Pacific, is extremely varied in surface. It in- 
cludes the projections of China and Manchuria, formed hy the 
eastward prolongation of the great continental swells, and an 
intervening region of low alluvial plains which prolong the cen- 
tral depression. 

China is elevated and mountainous in the south and west, many 
of the ranges being of great height ; but extensive low plains 
form the northern and eastern portions. Manchuria consists 




chiefly of plateaus, with alluvial plains adjacent to the Amoor 
River and its tributaries, and ranges of low mountains skirting* 
the coast. 

The southern slope of Eastern Asia comprises the low plains of 

Hindostan, at the foot of the Himalaya Mountains; and two 

KintoruBL Him.i.j. great peninsulas which pro- 

""" ^""kmi.. i j S3S| long the continent far into 

the equatorial regions. 

The descent, through 
successive ranges, from the 
summit of the Himalaya! 
to the low plains of the 
Ganges and Indus, which 
are but little above the sea 
level, is short and abrupt 
The contrast presented by the lands on opposite sides of this 
great mountain system— cold, sterile plateaus on one side, and, 
on the other, low plains covered with luxuriant tropical vegeta- 
tion — is not equalled elsewhere on the globe. 

The plains of the Ganges and upper Indus basins are chiefly 
undulating or alluvial. East of the lower Indus is an exten- 
sive barren marine plain, 
~^^F^? forming the Indian 
Desert. 

The peninsula of In- 
dia is formed by the tri- 
angular table -land of 
Deccan, south of the 
Himalayas, bordered on 
each side by mountain 
ranges — the Ghauts on 
the east and the west, 
and the Vindhya Moun- 
tains on the north. The 
surface is comparative- 
ly uniform, though the 
elevation gradually in- 
creases from north to 
south. 

The peninsula of Iiido- 
China is formed by a 
number of mountain 
ranges diverging from 
the southeastern angle 
of Thibet, and decreas- 
ing in elevation towards 
the south. The central 
range, much longer than 
the others, forms the sec- 
ondary Malay peninsula 
The western slope con- 
sists of low mountains and fertile plains, gradually descending 
from the western terminations of the Thian Shan and Altai 
Mountains and the Plateau of Pamir, to the low, barren steppes 
of Turan, adjacent to the Aral and Caspian seas, 

III. Western Asia. 

1. Highlands. Western Asia has its primary and secondary 
highlands in the lofty and mountainous borders of the Plateau 
of Tran, which extend from the low plains of the Indus to the 
western extremity of the continent. 

These two marginal swells, which are from 500 to 700 miles 
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apart in the east, converge towards the west, meeting in the 
mountain-land of Armenia, south of the Caucasus ; and, being 
prolonged between the Mediterranean and the Black Sea, they 
form the peninsula of Asia Minor. 

The altitude of the plateau increases from 2,500 feet in Asia 
Minor, to 4,000 south of the Caspian Sea, and 6,000 or 8,000 at 
the eastern terminus. The mountains rise to 10,000 or 15,000 
feet. Armenia, a volcanic region, is considerably higher than 
the adjacent portions of the plateau; and Mount Ararat, its 
highest peak, has an elevation of 16,900 feet. 

As in Eastern Asia, the main axis lies on the south, the sec- 
ondary on the north. Both, however, are pushed far to the 
south of the corresponding regions of Eastern Asia, the second- 
ary highland of the one continuing the primary of the other. 

2. Central Region. In the eastern half of the plateau of 
Iran is a very marked central depression, lying from 3,000 to 
5,000 feet below the general level. This region is similar in 
character to Mongolia, the surface consisting mainly of salt 
steppes and deserts. 

The altitude, both of the marginal swells and the central 
depression, is least in the region directly south of the Aral Sea. 
There the northern swell is but 2,000, the interior 1,500, and 
the southern swell 5,000, feet in elevation. 

The plateau terminates on the east with the Suliman and 
other ranges of mountains, which rise abruptly from the low 
plains of the Indus to a height varying from 8,000 to 10,000 feet. 

Occasional passes in this high mountainous border form the 
only practicable routes of travel between the interior of Western 
Asia and India. The most important are the Bolan pass, near 
the centre, and the Cabool or Peschawer pass, near the northern 
terminus. 

3. Slopes. North of Iran is a depressed region including the 
low steppes south of the Aral Sea ; the small plains of Georgia, 
south of the Caucasus Mountains ; the submerged basins of the 
Black and Caspian seas ; and the low plains of the Amoo Daria. 

South of the plateau is a corresponding depression, including 
the low plains of the Euphrates and Tigris rivers, and the sub- 
merged basin of the Persian Gulf. The plains which are undu- 
lating or alluvial, were, in ancient times, the seat of mighty 
nations ; and, being irrigated with care, they were surpassingly 
fertile. Now, deprived of moisture other than the winter rains 
afford, they are, during the larger part of the year, a parched 
and barren waste, except on the borders of the rivers. 

The peninsula of Arabia is an immense plateau, separated from 
the table land of Iran by the Persian Gulf and the low plains 
of the Tigris and Euphrates, and connected with the mountain 
region of Asia Minor by the plateau and mountains of Syria. 

The surface in the interior is varied by ranges of hills and moun- 
tains, which, however, do not rise much above the general level. 
The elevation gradually increases from north to south, being 
greatest in the south-eastern part. A large portion of Arabia is 
nearly rainless, and consequently a desert ; but the mountainous 
regions on the southern coast receive copious rains, and are more 
productive. 

The valley of the Dead Sea and the Jordan, amidst the high- 
landa^of Syria, is one of the most remarkable depressions known. 
(See page 51, Topic III., 3.) 

A 

ANALYSIS OF SECTION VI. 

I. Introduction. 

1. Individuality of Asia and Europe. 

a. Structure and connection. 

b. Division. 



2. Common Features. 

a. Highlands. 

b. Central regions. 

c. Great plains. 

d. Subordinate elevations. 
8. Asia, how Characterized. 

a. Division of mass. 

b. Resemblance in structure. 

H. Eastern Asia. 

1. Interior. 

a. Character. 

b. Slopes. 

2. Primary Highland. 

a. Situation and comparative elevation. 

b. Consists of what. 

c. Altitude of mountains and plateau. 
8. Secondary Highland. 

a. Structure. 

b. Altitude. 

c. Convergence and connection of highlands. 

d. Westward prolongation. 

e. Eastern connecting ranges. 
4. Central Depression. 

a. Character and extent. 

b. Altitude. 

c. Surface. 

d. Connections westward. 
Slopes. 

a. Northern slope, extent and character. 

b. Eastern slope, consists of what. 

Manchuria, China. 

c. Southern slope, consists of what. 

Contrasts presented. 
Plains of Ganges and Indus. 
Peninsula of India. 
Peninsula of Indo-China. 

d. Western slope. 

III. Western Asia. 

1. Highlands. 

a. Where situated. 

b. Convergence and prolongation. 

c. Altitude. 

d. Position of axes. 

2. Central Region. 

a. Position and relative elevation. 

b. Altitude, where least. 

c. Eastern terminus. 

d. Routes of travel between plateau and plains. 

3. Slope 8. 

a. Northern slope, consists of what. 

b. Southern slope, consists of what. 

c. Plains. Peninsula of Arabia. 



VII. — STRUCTURE OF EUROPE. 
I. Characteristic Structure. 

1. Europe is characterized by its small size, the extreme 
irregularity of its outline, and the extent to which it is pene- 
trated by arms of the sea. Nearly one-fourth of the entire area 
of the continent consists of peninsulas, yet all these peninsulas 
together do not equal Arabia in area. 

Europe resembles Asia in the position and direction of its axes, 
the limited extent of the region between them, and the subdivision 
of each of its principal features into a number of distinct regions. 

2. The Primary Highland region of Europe is even more 
broken and irregular than that of Asia. The Alps form the 
central and highest portion. The Pyrenees and Cantabrian 
mountains, on the northern border of Spain, prolong the main 
axis to the Atlantic shores ; and the Balkan, south of the Dan- 
ube, continue it to the Black Sea. All these mountain systems 
have numerous practicable passes, and are separated one from 
another by low valleys or small plains. 

The Alps, an exceedingly broken mountain system, have an 
average elevation of 10,000 to 12,000 feet, about equal to that 
of the Rocky Mountains and the Sierra Nevada. The loftiest 
peak is Mont Blanc, 15,780 feet high. The passes range from 
5,000 to 11,000 feet in elevation. 
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The Pyrenees are also rugged and broken, but are considerably 
less elevated than the Alps. The crest, in the highest portion, 
is about 8,000 feet high ; the highest peak, 11,168 feet. The Can- 
tabrian Mountains are somewhat lower than the Pyrenees. 

The Balkan Mountains, connected with the Alps by the high* 
lands on the south of the middle Danube, are still lower, their 
average elevation being only about 5,000 feet. 

3. The Secondary Highlands consist of the Carpathian, the 
Sudetic, and Riesen Mountains, and lower ranges extending 
nearly to the shores of the North Sea. 

This series of mountain ranges forms a dividing line between 
Northeastern, or Low Europe, 
and Southwestern, or High Eu- 
rope ; the former being a great 
low plain, while the latter is, in 
general, elevated and mountain- 
ous. 

4. The central region, ly- 
ing between the primary and the secondary highlands, consists 
of low plateaus and mountain ranges, and small plains. 

Its structure is rendered extremely complex by the prevalence 
of two widely differing directions in the trend of the mountains. 
Those east and northeast of the Alps continue the direction of 
the Asiatic systems, from southeast to northwest, converging 
and diminishing in elevation towards the west. 

The Alps and the more westerly chains extend from southwest 
to northeast, diverging eastward. The two series intersect north 
of the Alps, forming a 
great number of small 
enclosed basins, which 
give to Central Europe 
its peculiar character. 
(This peculiarity of 
structure is shown by 
the Structure Map of 
Central Europe, page 
37.) 

II. Contrasting Divis- 
ions. 

1. High Europe as a 
whole, including the pri- 
mary and secondary 
highlands and the cen- 
tral region, is separated 
into three main divisions 
by the valleys of the 
RhAne, the Saflne, and 
the Middle Rhine, on 
the west, and the plains 
of Moravia, at the eastern extremity of the Alps. 

The middle section is the most characteristic of the continent. 
It has for its base the main body of the Alps ; at the north is a 
low plateau gently sloping in terraces to the maritime plains of the 
North Sea and the Baltic ; at the south, the low plains of the Po. 

The surface is greatly diversified by the numerous ranges of 
mountains intersecting each other north of the Alps. The most 
marked of its subdivisions are the plateaus of Switzerland and 
Bavaria, the broad valley of the Middle Rhine, and the basin of 
Bohemia. 

The western section has the C£vennes Mountains and adjacent 
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plateaus for its central mass, with the valley of the Rhdne on 
the east, and the Atlantic plains on the west and north. 

The eastern section has for its centre the Transylvania Alps 
and Plateau, with the Carpathian Mountains on the north, the 
low plains of Roumania on the east, and the Hungarian plains 
on the west. 

The barriers between these regions, sufficient to give each a 
distinctive character, are not sufficient to isolate them one from 
another, or to render intercommunication so difficult as between 
the different regions of central Asia. 

Each of the main divisions of High Europe is prolonged south- 
ward by a great peninsula. The 
Hellenic peninsula, between the 
Black and Adriatic seas, pro- 
longs the eastern section ; Italy, 
the middle section ; and. the 
Spanish peninsula, the western. 
These peninsulas present a 
marked contrast to those of Asia in regard to size, but an equally 
marked similarity in general structure, position, and character. 
The Hellenic peninsula, formed by mountain ranges diverging 
from the east end of the Alps, corresponds to the Asiatic penin- 
sula of Indo-China; but its mountains are lower, and many 
transverse chains in the eastern part complicate its structure, 
and render its outline much more irregular. 

The Italian peninsula corresponds in position to the peninsula 
of the Deccan, in Asia, but differs from the latter in having for its 

^^ centre an elongated 

C E A Jv^S^\ ^ mountain chain instead 

of a plateau. It consists 
of the Apennine range 
and its slopes, the range 
being forked near the 
southern terminus. The 
Apennines are con- 
nected with the Alps 
only at their northwest- 
ern extremity. 

Between this chain 
and the Alps are the 
low plains of the Po, 
corresponding in posi- 
tion and character to 
those of the Ganges in 
Asia, yet presenting a 
much less striking con- 
trast to the plateaus 
north of the Alps than 
is exhibited by the cor- 
responding regions of 
Asia. 

The Spanish peninsula corresponds to Arabia in position, in 
general form, in regularity of outline, and in the elevation of its 
entire mass. It is a great plateau, highest in the northeast, 
with the southwestern portion broken by parallel ranges of 
mountains. 

2. Low Europe. The great European plain extends, with 
scarcely varying elevation, from the secondary axis, northward 
to the Arctic shores, and eastward to the Ural Mountains. 

This plain is slightly elevated in the centre, the highest part 
being the Valdai Hills, only 1,100 feet above the sea level. They 
rest upon a slight swell of land which separates the streams enter- 
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ing the Baltic and white Seas from those flowing into the Black 
Sea and the Caspian. This swell continues westward, through 
the plains south of the Baltic, to the peninsula of Denmark, 
but forms only a slight obstacle in the path of streams. 

Low Europe in bordered on every side by mountain regions. On 
the East are the Urals, on the south the Caucasus, on the south- 
west the secondary highlands of the continent, and on the north- 
west the Scandinavian highlands. Depressions occupied by 
inland seas, — namely, the Caspian, the Black, the Baltic, and the 
White Sea, — separate these elevated regions one from another, 
forming so many doorways of communication with the outer 
world. 

The Scandinavian Alps form a large part of the peninsula west 
of the Baltic. They rise abruptly from the Atlantic shores, and 
are deeply cut by transverse valleys, with perpendicular walls 
often several thousand feet high. Partially submerged, and ad- 
mitting the sea to the heart of the mountain mass, these valleys 
give rise to those deep, 
narrow bays, called fiords, Atlantic oeean. 
which are so characteristic 
of the Norwegian coast. 
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c. Elevation of Alps. 

Average. Highest peak. Passes. 

d. Elevation of Pyrenees. Elevation of Balkan Mountain*. 

3. Secondary Hiohlands. 

a. Consists of what. Division formed by these chains. 

4. Central Reoion. 

a. Constats of what. Structure, how complicated. 

b. Direction of ranges. Intersection of ranges. Sloped. 
II. Contrasting Divisions. 

1. High Europe. Main Divisions. 

a. Middle section. Structure. Surface. 

b. Western section. Structure. 

c. Eastern section. Structure. Barriers between section*. 

d. Peninsulas. 

Comparison with Asiatic peninsulas. 
Hellenic peninsula. Italy. Plains of Po. 
Spanish peninsula. 

2. Low Europe. 

a. Extent. Highest part. Dividing swell. 

b. Borders. Scandinavian peninsula. Fiords. 

c. British Isles. 

3. SUMXABY. 

a. Subdivisions compared with those of Asia. 

b. Low and high Europe compared. 

/ . VIII. — AFRICA AND AUSTRALIA. 
I. Africa. 

1. Africa is characterized, in its structure, by the combi- 
nation of the plan of the Old World (Asia-Europe) with that 

of the New. 
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The British Isles form properly 
a part of the continental plain, 
separated from the main land by 

the submergence of a portion of its surface. These submarine plains, which form 
the base of the islands, are, in the North Sea, only from 200 to 300 feet below the 
surface. They extend westward, 
from 40 to 60 miles beyond the 
British Isles, to a well defined 
line, where an abrupt descent 
marks the termination of the 
European continent and the com- 
mencement of the deep basin of 
the ocean. 

3. Summary. The sub- 
divisions of this continent, 
no less numerous than those 
of Asia, differ from the 
latter in their smaller area, 
in the milder contrasts be- 
tween adjacent regions, and 
in the facility of communi- 
cation between them. 

Low and High Europe, 
however, present a much 
greater contrast in struc- 
ture than Eastern and 
Western Asia. Low 
Europe is one vast plain, 
surrounded by mountain 
chains, but nearly uniform 
in surface and character, 
and without marked nat- 
ural subdivisions ; while 
High Europe is separated 
into a great number of dis- 
tinct physical regions, diverse in structure and character. East- 
ern and Western Asia, on the contrary, differ little except in 
the magnitude of features of structure common to both. 

ANALYSIS OF SECTION VII. 

I. Character I »t ic Structure. 

1. Characteristics of Europe. 

a. Characteristics enumerated. 

b. Extent of peninsulas. Resemblance to Asia. 

2. Primary Highlands. 

a. General character. Mountain chains Included. 

b. Passes and separation of chains. 
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FIG. 12. SECTION OF AFRICA FROM WEST TO EAST. 



In the northern half of 
the continent, the highlands 
extend east and west, caus- 
ing the great westward pro- 
jection into the Atlantic 

In the southern half, as 
in the New World, the highlands, both primary and secondary, 
extend north and south ; but the former is on the eastern shore 

(see map), the latter on 

Ir rWfcl ^^^L I \ the western, while in the 

two Americas the reverse 
is true. 

The two halves of the 
continent are bound to- 
gether by a northward ex- 
tension of the primary 
highland of the southern 
division, which, continuing 
nearly to the Mediterra- 
nean, becomes the main 
axis of Africa as a whole. 

The central regions, occu- 
pying the larger part of the 
continent, though consider- 
ably lower than the border 
swells, are yet, in general, 
much above the sea level. 
Hence the entire continent 
is really a vast plateau 
without extensive low- 
lands. (See Fig. 12.) 
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II. South Africa. 

1. The primary high- 
land lies near the eastern 
coast, and extends from 
the southern extremity of the continent nearly to the Mediter- 
ranean. It consists of a broad belt of land somewhat above 
the general level, surmounted, in various portions, by irregular 
ranges and groups of mountains. 

The highest part, including the plateaus of Abyssinia and 
Kaffa, and an adjacent mountainous region, lies north of the 
equator. The plateaus have an average elevation of 6,000 to 
7,000 feet ; while the highest mountains rise to 15,000 feet. 
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Immediately south of the equator, on the same line, are the vol- 
canoes of Kenia, Kilima-Njaro, and Nga'i, the highest peaks in 
Africa, which reach an elevation of nearly 19,000 feet above the 
sea level. 

In the southern part of the great eastern swell, deep breaks 
occur, through which the Zambesi and Limpopo rivers pass 
eastward to the sea. Beyond these breaks southward, a nearly 
continuous mountain region, including the Quathlamba, Sneeuw, 
and Nieuweveld mountains, 
extends to the Cape of Good 
Hope on the Atlantic coast. 

The secondary highland is 
similar in character to the 

primary, but is less elevated and less mountainous. The highest 
mountains are the Cameroons, an isolated group of volcanic 
peaks north of the equator, 13,000 feet high. The primary and 
secondary highlands meet on the south, forming a continuous 
plateau, 5,000 feet in elevation, which fills all that part of the 
continent lying south of the Tropic of Capricorn. 

The central region, though a plateau, is from 2,000 to 3,000 feet 
lower than the marginal swells. It extends from Lake Ngami 
northward, expanding and decreasing in elevation as the high- 
lands diverge ; and is separated, by a transverse swell, into two 
basins, the northern of which 

contains a great number of »»r-^> *- ~ ■ /m 

ia£es. 

III. North Africa, 

1. Highlands. Northern 
Africa has its two border 
highlands, in the Atlas 
Mountains and plateau on 
the north, and the Kong 
Mountains on the south, both 
of which are continued east- 
ward, by minor elevations, to 
the main continental axis. 

The average elevation of 
the Great Atlas plateau is 
about 3,000 feet, the moun- 
tains being from 5,000 to 
7,000 feet. In the High 
Atlas of Morocco some peaks 
reach 13,000 feet. 

The Kong Mountains aver- 
age 3,000 feet, while the high- 
est peaks may reach 10,000. 

The greatest altitudes of 
the continent, exclusive of volcanic peaks, occur where the 
elevations which prolong the Kong highlands meet the main 
continental axis in the plateau of Abyssinia. 

At the southern foot of the Atlas Mountains, and of the 
more easterly elevations on the Mediterranean shores, on a line 
with the Gulfs of Cabes and Sidra, is a remarkable belt of 
depressions, some of which are more than 300 feet below the sea 
level. The temporary Lake Melrir, south of the eastern part of 
the Atlas region, is 280 feet, and the great valley south of the 
plateau of Barca, 340 feet below the level of the sea. On the 
same line, towards the Nile, are several of the best known oases 
of northern Africa, — including Aujila, Siwa, and the Natron 
lakes, — all of which lie frojn 100 to 200 feet below the sea level. 

On the eastern margin of the Abyssinian plateau are the low 
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valleys of Lake Assal and the Hawash River, both of which are 
below the sea level. The valley of Assal, or the salt plain, 35 
miles long by 15 wide, is not less than 200 feet below the level 
of the Mediterranean. 

2. The central region is the broad plateau of the Sahara, 
stretching, with little variation of level, from the Nile valley to 
the Atlantic shores. Its average elevation is 1,500 feet, but the 
northern and southern margins are considerably lower than 

EMfrnHWUand* j ggft, the interior. 

Depression. | J The surface of the Sahara 

is varied by occasional higher 
plateaus, from 4,000 to 5,000 
feet in altitude, and groups 
or short ranges of mountains sometimes reaching 6,000 feet. It 
consists almost wholly of sand and rocks, and forms the most 
extensive and complete desert upon the face of the earth. 
Fertility is confined to oases, situated in the depressions on 
its borders and around the mountains of the interior. 

IV. Australia. 

1. General Plan. Australia greatly resembles Southern 
Africa in its general plan of structure, but differs in consisting 
principally of low plains, and in the surface of the northern 

portion being generally the 
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more elevated. Its great 
features of structure are no 
less distinctly marked than 
those of the larger conti- 
nents. (Fig. 13.) 

2. The Primary High- 
lands, as in Africa, lie near 
the eastern coast of the con- 
tinant, extending through 
its entire length ; and are 
prolonged on the north, 
forming the York peninsula. 
The southern half is a nar- 
row mountain system of con- 
siderable elevation ; while 
the northern half is a broad 
plateau, gradually increas- 
ing in elevation towards the 
west and the north. 

The highest portion is the 
range of Australian Alps, 
the average elevation of 
which is about 5,000 feet, 
the highest peaks, Hotham 
and Kosciusko, reaching over 7,000 feet. 

3. The Secondary Highland, which skirts the western and 
northwestern shores, is a region of low plateaus, with occasional 
groups and short ranges of mountains not more than 3,800 feet 
above the sea level. The peninsular projection of Arnhem 
land, at its northern terminus, is a plateau from 3,000 to 4,000 
feet in altitude. 

4. The central depression is, as far as known, a great 
plain, varying but little in general elevation. In the north a 
slight swell connects the primary and secondary highlands, 
giving the interior a gentle descent southward. 

The western part of the continent has not been sufficiently explored to enable 
one to give the details of its structure and character. The interior is believed 
to be without high mountains, comparatively uniform in surface, and for the 
most part sandy or stony, and nearly desert. 
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The basin of the Darling and Murray rivers is the best known 
portion of Australia, and is a region of considerable fertility. 
The country immediately west of the Murray and lower Darling 
is quite rugged, its surface being diversified by several short 
ranges of low mountains. Extensive depressions occur in the 
same region, and are occupied by Spencer Gulf, and Lakes Eyre, 
Torrens, and Gairdner, the largest known lakes in Australia. 

ANALYSIS OF SECTION VIII. 

I. Characteristics of Africa. 

1. Plan or Structure. 

a. North Africa. South Africa. 

b. Two divisions, how connected. 

2. Position of Axes. 

8. Character of Central Regions. 

II. South Africa. 

1. Primary Highland. 

a. Position, extent, and character. 

b. Highest portion. Southern part. 

2. Secondary Highland. 

a. General character. 

b. Highest mountains. 

c. Junction with main axis. 
8. Central Region. 

a. Character and elevation. 

b. Position and slope. Division. 

III. Northern Africa. 

1. Highlands. 

a. Position and extent. 

b. Atlas region, elevation. 

c. Kong region, elevation. 

d. Greatest altitudes of the continent. 

e. Depressions near northern highland. 
Depressions near Abyssinia. 

2. Central Region. 

a. Extent and elevation. 

b. Nature of surface. Fertility. 

IV. Australia. 

1. General Plan. 

a. Resemblance to Africa. 

b. Differences. 

c. Distinctness of features of structure. 

2. Primary Highland. 

a. Position and extent. 

b. Character. 

c. Elevation. 

8. Secondary Highland. 

Position and character. 
4. Central Region. 

General character and slope. 

Western half of continent. 

Basin of Murray and Darling. 

Region directly west of basin. 



IX. — LAWS OF RELIEF. 
I. Typical Structure of Continents. 

A primary highland region upon one side, a secondary one on 
the opposite side, trending towards the primary, and a depression 
between the two % is the typi- 
cal structure of a continent. 
An island, however great Pacific 
its extent, does not show ° w * n 
this conformation. Main Axifc 

The two Americas and 
Australia exhibit this plan of structure in its simplest form ; 
but, as we have seen, it is distinctly traceable through the more 
complicated reliefs of Asia and Europe, and the massive forms 
of Africa. 
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FIG. 14. TYPICAL FORM OF CONTINENTS SHOWN IN NORTH AMERICA. 



II. Position of Main Axis. 

The Main Axis in every continent is placed outside of the 
centre, and near one of the shores; thus the continent is divided 
into two slopes, unequal in length and inclination. 



In North America, for example, the Rocky Mountains, which 
separate the Pacific and Atlantic slopes, are over 2,000 miles 
from the Atlantic shore, and but 800 from the Pacific. Thus the 
western slope has but two-fifths of the length of the eastern. 

In South America the inequality is still greater. The crest 
of the Andes, in which the Amazon River rises, is scarcely 
more than 100 miles from the Pacific, while it is more than 
2,500 from the Atlantic. 

The shorter slopes of Asia-Europe consist almost exclusively 
of peninsulas ; and those of Africa and Australia are scarcely 
more than the eastern slope of the main axis itself. 

III. Direction of Elevations. 

All the great mountain systems of the globe extend in one of two 
general directions, approximately at right angles to each other. 
The same is necessarily true of the general coast lines of the conti- 
nents. 

They extend either east and west, with a slight deviation to the 
north or south, hence in a direction nearly parallel to the ecliptic ; 
or north and south, slightly deviating to the east or west, and 
therefore on a line at right angles to the former. The Hima- 
layas, the Alps, and the Atlas Mountains are examples of the 
east-west direction ; the Rocky Mountains, the Andes, and the 
Blue Mountains of Australia have the north-south direction. 

Distinguished geographers in the last century had alreadj r 
noticed these two prevailing directions, and designated them 
the parallel and the meridian direction. A more correct desig- 
nation, however, would be Ecliptic and Arctic circle directions. 
For the one makes an angle with the equator approximately 
equal to that of the ecliptic, while the other, at right angles to 
the ecliptic, is indicated by great circles tangent to the Arctic 
circle. / 

IT. Contrasting Plans in Old and New Worlds. 

In the New World the north-south, or arctic circle direction 
prevails alone; all the great lines of elevation extending in that 
direction. In the Old World, the east-west, or ecliptic, direction 
predominates, but is repeatedly intersected by the other. 

This law explains the remarkable simplicity of structure in 
the New World, and the complexity in the Old. 

1. In the New World all the great mountain systems have 
but one direction, producing that elongation southward so char- 
acteristic of the American continents. 

The east^west direction is found in the mountains of Northern 
Venezuela and Guiana ; and in slight swells, forming secondary 

water-sheds,like the Height 
of Land in North America, 
and the central water-shed 
of the Table-land of Brazil 
in South America. Even 
these do not intersect the 
main axes of the continent, and are scarcely sufficient to produce an 
entire separation between the regions on opposite sides of them. 
Hence few and vast physical regions, determined by the main 
continental axes, and a remarkable unity in the general struc- 
ture, is the rule of the New World. 

2. In Asia-Europe, the dominant mass of the Old World, 
the main body is due to plateaus and mountain chains of the east- 
west direction ; but many long and lofty chains of the north-south 
direction cross the continents, divicjing them into numerous 
physical regions diverse in character ; and, projecting into the 
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sea, these transverse ranges form the extensive peninsulas which 
so greatly enrich the contours, both of Asia and Europe. 

Examples of this direction are found in the Ural and Suliraan mountains, and 
the Ghauts of India; in the Great Kinghan, and the chains which fill the 
peninsulas of Kamchatka, Corea, and Indo-China; and in the mountains of 
the Hellenic peninsula, of Italy, and of Scandinavia. 

3. In Africa the two directions occur, but without intersec- 
tion, each controlling a separate division of the continent ; and 
in Australia the north-south direction exists alone. Hence 
these two continents show a simplicity and unity of structure 
similar to that of the New World. 

The great chains of islands skirting the eastern shores of Asia, belong to the 
north-south chains of upheaval, and those between Asia and Australia mainly to 



3. In Africa the greatest heights of the main axis lie in the 
vicinity of the equator, in the plateau and mountains of Abys- 
sinia, at the junction of the east-west and north-south swells. 
The volcanic peaks of Kenia, Kilima-Njaro and Nga'i, and the 
Cameroons, are also in the equatorial regions. 

The secondary axis attains its greatest elevation, volcanoes 
excepted, in the plateaus and mountains near the tropic cf 
Capricorn. 

4. In Australia the general surface of the land seems to de- 
scend southward ; but the main axis attains its greatest elevation 
in the Australian Alps. 

5. The following tables of altitudes exhibit the above la\r. 
They show that the two Americas form one series of elevations 
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FIG. 15. THE NEW WORLD FBOM NORTH TO SOUTH 



the east-west, though the two intersect in Borneo and Celebes. The Greater 
Antilles, between North and South America, show the east-west direction of 
upheaval; and the Lesser Antilles, the north-south direction. 



V. Position of Maximum Altitudes. 

The altitudes, both of mass elevations and of mountains, gradu- 
ally increase along the axes of the continents, to a maximum which 
is placed towards one end of the axis. Hence the axes themselves 
have, in the direction of their length, a long, gentle slope, and a 
short, abrupt one. 

The accompanying profiles, designed to illustrate this law, show the elevation 
in different parts of the main axis, in the New World and in Asia-Europe. 

1. In the New World the highest lands, both plateaus and 
mountains, are found in the plateau of Bolivia, around Lake 

EUROPE. 



increasing from north to south, interrupted by the zone of frac- 
ture ; and that Europe and Asia form another series, increasing 
from west to east, interrupted by the sunken basins of the Black 
and Caspian seas. Volcanoes, being but accidents in the gen- 
eral relief, are omitted, except when they owe their altitude to 
the elevation of the base on which they rest. 

NEW WORLD. 

NORTH AMERICA — WESTERN HIGHLANDS. 



Plains and Plateaus. Eng. feet. 

Plains of Alaska 800 

Pelly Banks, Upper Yukon . . 1,400 
Central Plateau of B. Columbia 2,000 
Great Plains of the Columbia R. 2,000 
Great Basin, Utah (average) . 4,500 



Mountains. Eng. feet. 

Northern Rocky Mountains . . 4,000 
Mt. Murchison, British Columbia 14,431 

Mt. Hood, Oregon 11,225 

Mt. Shasta, California .... 14,440 
Fremont Peak, Wyoming . . . 13,570 



A8IA. 



Himalaya Hu. 



8PADT. 



Fkanck 



Ta Slue Shan. 
China. 




foooou 

Ej3 



Nanllng. 



2S 
20 
IS 
10 

s 



FIG. 16. THE OLD WORLD FROM WEST TO EAST. 



Titicaca. Excepting the break in Central America, the heights 
increase along the main axis, from the Arctic shores to this 
plateau, a distance of 7,500 miles, while the line of descent to 
the Southern Ocean is but 2,500 miles. (See Fig. 15, above.) 

The secondary axes of the two continents show the same law. 
Each is highest near the southern extremity, and the maximum 
elevation in the southern continent is greater than that in the 
northern. 

2. In Asia-Europe the heights increase towards the east, 
both in the main and the secondary axes. The former attains 
its greatest altitude at Mount Everest, in the Himalayas, the 
highest known mountain on the globe ; and the latter, in the 
western part of the Thian Shan system. (See Fig. 16, above.) 



Great Salt Lake 4,230 

Colorado Plateau (average) . . 0,000 

Plateau of Mexico 8,000 

City of Mexico 7,473 

City of Toluca 8,818 



Gray's Peak, Colorado .* . . 
Pike's* Peak, Colorado . . . 
Mt. Whitney, Sierra Nevada 
Popocatepetl, Mexico . . . 
Orizaba, Mexico 



14,295 
14,146 
15,000 
17,784 
17,897 



SOUTH AMERICA — ANDES. 



Plateau Elevations. 
City of Bogota, Columbia 
Quito, Ecuador . 
Cuzco, Peru . . 
Lake Titicaca, Bolivia . . 
City of La Paz, 
" Potosi, 
Plat, of Catamarca, Arg. Rep. 
Valley of Tenuyan, Chili . . 



a 



a 



i< 



a 



Eng. feet. 

. 8,655 
. 9,520 
. 11,500 
. 12,800 
. 12,230 
. 13,330 
. 12,000 
. 7,500 



Mountains. 

Tolima, Columbia .... 
Cayambe, Ecuador .... 
Chimborazo, u . . . . 
Nevado de Sorata, Bolivia . 

Illimani, Bolivia 

Aconcagua, Chili .... 
Yanteles, Patagonia . . . 
Sarmiento, Tierra del Fuego . 



Eng. feet. 

. 18,336 
. 19,386 
. 21,414 
. 25,000 
. 24,155 
. 22,422 
. 8,030 
. 6,910 
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Plateaus. Eng. feet. 

Plateau of Spain 2,300 

Bavaria 1,800 

Asia Minor .... 2,500 

Armenia .... 5,000 

West Iran, Persia . 4,000 
East Iran, Afghanistan 6,000 

Western Thibet . . 16,000 

Eastern Thibet . . 11,000 



it 



<< 



<< 



4* 



it 



t< 



it 



Mountains. Eng. feet. 

Pyrenees, Pic Ane"thou . . .11,168 

Alps, Mt. Blanc 15,780 

Caucasus, Mt. Elbourz .... 18,524 

Hindoo Koosh 20,000 

Karakorum Chain, Mt. Dapsang 28,278 
Dhawalagiri, Himalaya Mts. . 26,861 
Mt. Everest, " " . 29,002 

Chumalari, Bhootan .... 23,944 



VI. Maximum Altitude in Tropical Regions. 

The continental reliefs, as a whole, begin with vast low plains 
about the arctic circle, and increase in altitude towards the equa- 
torial regions. 

The eidminating regions of the New World extend from 20° 
north latitude to 16° south ; those of the Old World from 
28° north latitude in Asia, to 5° south in Africa. 

The effect of this law is to temper the burning heat of the 
tropical regions, and give them a variety of climate not other- 
wise belonging to them. If this order were reversed, and the 
elevations increased towards polar latitudes from low plains at 
the equator, those regions of the globe, at present the most 
highly civilized, would be a frozen and uninhabited waste. 

Til. Predominant Belief Form of Individual Continents. 

In general, each continent has one dominant form of relief, which 
gives it a special character, exerting a pmoerful influence upon its 
climate, and upon its functions both in nature and in human history. 

The Americas are the continents of low plains. The great fertile 
basins of the Mississippi, the Amazon, and other mighty rivers, 
are the most valuable and characteristic regions of these conti- 
nents. 

Africa has no extended low plain, but is filled with vast table- 
lands. It is the continent of plateaus, inferior in moisture and 
vegetation, superior in temperature and in the development of 
animal life. 

Europe, in its western and most important half, is but a net- 
work of mountain chains, without high or extensive plateaus. 
It is the continent of mountains. 

Asia, the largest continent, is the full type of all the others. 
It has all the forms of relief on the grandest scale, in nearly 
equal .proportions, and in the greatest variety of combination. 
In the north and west are the most extensive plains of the earth ; 
in the centre, the highest and largest plateaus ; and in the south, 
the loftiest mountain chains. 

Till. Summary. 

All that has been said of the reliefs of the globe may be 
summed up in a single grand law, as follows : — 

All the long, gentle slopes descend towards the Atlantic Ocean and 
its prolongation, the Arctic ; while all the short and rapid slopes are 
directed towards the Pacific, and its dependent, the Indian Ocean, 
the highest lands being adjacent to the shores of the greatest oceans. 

IX. Formation of Reliefs. 

These general laws which regulate the elevations of our globe 
seem to indicate a common geological cause, which may, perhaps, 
be found in the gradual cooling of our planet. 



The operation of this cause may be conceived as follows : — 

The heated interior of the Earth continues to cool and to contract through 
the progress of ages, while the hardened outer crust, receiving from the son an 
amount of heat about equal to that which it radiates into space, contracts at a 
much slower rate, if at all. 

Thus, in time, the interior becomes too small for the crust, which, obeying the 
force of gravity, collapses, the circumference adjusting itself to the decreasing 
volume within. Vast areas subside with the shrinking interior, while the ad- 
jacent portions, too large for the space left for them to occupy, are forced into 
great folds and ridges by lateral pressure. 

Upon the subsiding areas, the waters, before spread over the entire surface of 
the globe, gather together, and the folded and uplifted areas are left more or leas 
uncovered. Thus were formed the great basins of the Atlantic, Pacific, and 
Indian Oceans, with the three pairs of continents upraised between them. 

Confirmation of this view of the cause of grand upheavals is found in the fact, 
pointed out by Professor Dana, that the height of the border mountains and 
plateaus of the continents is proportioned to the width of the oceans which 
bathe their bases. 

In the American continents, for example, the high chains of the Sierra Nevada 
and Andes mountains skirt the shores of the Pacific, the greater ocean; and near 
the Atlantic are the low Appalachian Mountains and Brazilian plateau. A simi- 
lar arrangement of elevations appears in the other continents; while the interior 
of all, more remote from the upheaving force, remains comparatively depressed. 
Thus is explained the typical structure of the continents, noticed in the preced- 
ing sections and in the first law of relief. 

The almost infinite variety of inequalities in the Earth's surface, therefore, is 
subject to a few general laws. Here, as elsewhere, everything has been made 
with order and in due measure, and doubtless also with reference to a final aim 
which science seeks to discover by patient and intelligent research. 



ANALYSIS OF SECTION IX. 

I. Typical Structure of Continents. 

1. Law Stated. 

2. Examples. 



II. Position of Main Axis. 

1. Law Stated. 

2. Examples. 



III. Direction of Elevation*. 

1. Law Stated. 

2. Directions Specified. Examples. 

3. Directions Named. 

IT. Contrasting; Plans in Old and New World. 

1. Law Stated. 

2. Effect on Structure of New World. 

3. Effect on Structure of Asia-Europe. 

4. Effect on Structure of Africa. 

5. Asiatic Islands, how formed. Antilles. 

Y. Position of Maximum Elevation In Continent*. 

1. Law Stated. 

2. Example in New World. 

3. Example in Asia-Europe. 

4. Example in Africa. 

5. Example in Australia. 
5. Tables of Altitudes. 

IT. Position on Globe of Maximum Elevations. 

1. Law Stated. 

2. Culminating Region of New World. Of Old World. 

3. Effect of this Law on Climates. 

Til. Dominant Relief Form of Individual Continents. 

1. Law Stated. 

2. Examples. 

a. American Continents. 

b. Africa. 

c. Europe. 

d. Asia. 

Till. Summary of Laws of Relief. 

IX. Formation of Reliefs. 

1. Common Cause Underlying Reliefs. 
• 2. How this Cause operates. 

3. Confirmation of this View. 

4. Result* of Operation of General Causes. 



X. — ISLANDS. 

I. Extent and Classification. 

The multitude of small and apparently fragmentary bodies 
of land, called islands, form only about one-seventeenth part 
of the entire land surface of the globe. 

Figure 17 exhibits this proportion to the eye. 
The greatest square represents the surface of the 
globe ; the smaller enclosed squares represent the 
areas of the continents and the islands ; and 
the surrounding space, the sea. 

Islands are of two classes, Continental 
and Oceanic islands. 

II. Continental Islands. 

1. Position. Continental islands are 
situated in the immediate vicinity of the 
continents, and form properly a part of 
the continental structure. They are 
generally elongated, and occur in lines 
parallel to the coasts, like the Japan 
Islands and the West Indies ; or they 
form a continuation of the continental 
mountain chains, like the long line of 
the Sunda Islands. 

2. Character. The continental isl- 
ands have the same kinds of rocks and 

mountain forms, and the same varieties of plants and large ani- 
mals, which are found on the neighboring coasts of the mainland. 

3. The Size of this class of islands varies extremely. Some 
are mere isolated rocks, while others occupy large areas, like the 
British Isles, 
Japan Islands 
and Madagas- 
car ; or, more 
extensive still, 
Papua and 
Borneo, each 
of which has 
an area ex- 
ceeding 200,- 
000 square 
miles. 

III. Oceanic 
Islands. 

1. DlSTINC- 

tiveCharac- 
ter. Oceanic 
islands lie at a 
distance from 
the conti- 
nents, in the 
midst of the 
ocean basins. 

They are always small, and, though sometimes forming lines, or 
bands, they more frequently occur in groups. 

The rocks which make up the body of the continents and 
continental islands — sandstone, slate, granite, and the various 
metamorphic ' rocks — are entirely wanting in oceanic islands. 
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The latter are composed either of volcanic substances, or of lime- 
stone. Hence they present much less variety in relief forms than 
the continental islands. 

2. Classes. Navigators distinguish two classes of oceanic 
islands, — the high and the low, — which correspond to two 
natural groups, distinct in form, geologi- 
cal character, and mode of formation. 

The high islands are volcanic cones, 
with craters, many of which are still 
active. The low islands are the emerged 
tops of submarine coral reefs. 

3. Volcanic Islands are more or 
less circular in outline ; are usually con- 
siderably elevated, with rapid slopes; 
and are of moderate size. Sometimes 
two or more volcanoes, clustered to- 
gether, form a single island of larger 
size and more irregular outline. 

Occasional islands rise but little above 
the surface of the sea, their craters being 
filled by sea water. This is the case in 
Barren Island, in the Bay of Bengal, 
which consists of an old crater, entered 
by a single passage from the sea, with 
a more recent cone of eruption in the 
centre. 
Many, however, rise to Alpine heights — like the peaks of 
Hawaii, in the Sandwich Islands, nearly 14,000 feet in eleva- 
tion ; Pico de Teyde, in the Canaries, 14,000 feet ; and Tahiti, 
in the Society Islands, over 7,000 feet above the level of the sea. 

Volcanic 
islands occur 
in considera- 
ble numbers 
in the two 
great volcanic 
zones, 3 as well 
as in mid- 
ocean. In 
these zones 
new volcanic 
islands appear 
from time to 
time. 

In the south- 
ern part of the 
Grecian Archi- 
pelago is the Isl- 
and of Santorinl, 
in form resent' 
bllng a horseshoe, 
enclosing a bay 

by Ave broad. 

Within this bay 
,8«To P l C IV.,p W «0 m four volume 

Islands, three of 
which have arisen within the last 300 years, the latest appearing In 1S66. The 
first of the four rose about 200 years before the Christian era. These new 
Islands are cones of eruption formed within the old crater. 

In some cases temporary islands, of considerable extent, have been formed 
by submarine volcanic eruptions ; an example of which was furnished by the 
island of Ferdinandia, formed near the south coast of Sicily In 1831. A sub- 
marine volcano burst forth In July, and raised a cone of eruption to the height 

■ Bee page IS, eecLlou IX., Topic II., and Map of Valeanott, pp. 18, IV. 



of 200 feet above the sea, with a circumference of a mile and a quarter. Before 
the end of the year It disappeared, and a few years afterwards the water on Its 
site was 300 feet deep. 

IT. Coral Islands. 

1. General Character. Coral islands are among the most 
striking phenomena of the tropical seas. 

Whitsunday Island, in Low Archipelago, in the midst of the 
Pacific, may serve as an example of this class. Rising but a few 
feet above the surface of the ocean, it forms a narrow, unbroken, 
nearly circular ring, surrounding a central lagoon of quiet water. 

Approaching It from the windward side, the voyager perceives first a line of 
angry surf breaking on a white beach of coral sand, In strong contrast with the 
deep blue color of the sea. Behind this a garland of luxuriant vegetation, whose 
tropical beauty Is enhanced by the noble cocoa-palm, encircles the quiet waters 
of the lagoon, while all 
around spreads the broad 

The Island of Natupe, 
in the same archipelago. Is 
also unbroken, but is more 
elongated and much larger, 
the longer diameter meas- 
uring nearly twelve miles. 

2. Atolls. The 
usual form of coral 
islands is that of a 
broken ring, numer- 
ous channels afford- 
ing entrance into the 
lagoon. Such a group 
of islands is called an 
atoll, a Malay term, 
which has been adopt- 
ed to designate these 
singular structures. 

The central lagoon 
enclosed by an atoll, 
is invariably shallow, 
seldom exceeding a 
few scores, or at most 
hundreds, of feet in 
depth ; while the out- 
er sea reaches a depth of thousands of feet at a short distance 
from the shore, showing that the atoll rests upon a submarine 
mountain. 

Atolls are often clustered together in large numbers, forming 
extensive archipelagoes. Pauniotu, or Low Archipelago, numbers 
eighty coral islands, nearly all of which are atolls ; the Caroline, 
Gilbert, and Marshall islands together contain eighty-four atolls, 
while the Lnccadive and Maldive islands form two long double 
series of atolls extending 800 miles from north to south. 

The chief of the Maldives calls himself the "Sultan of the Twelve Thousand 
Isles ;" and Admiral Owen, wlio reports the fact, says that, counting the single 
Islands in the atolls, this la no exaggeration. 

S. Combination of Volcanic and Coral Islands. A 
targe number of volcanic islands in the Pacific are encircled by 
coral reefs, which, when near the shore, are called fringing reefs. 
When at a considerable distance, leaving a lagoon of quiet water 
between them and the volcanic island, they are termed barrier 
reeft. 

Bolabola, one of the Society Islands, presents a striking example of this 
arrangement. From its volcanic summit the eye stretches over Ihe quiet waters 
of the lagoon to the outer garland of green islands which separate it from the 
surrounding ocean, beholding a scene as strange as it Is beautiful. Hoyuleu, in 




the Society Islands, and many others present the same arrangement, which dif- 
fers from an atoll only by having one or more mountains within the central 

In Fig. 18 the several forms of coral islands are seen. Taiara Is an unbroken 
ring; Renuake, a ring with a single passage to the lagoon; Bowditcb is an empty 
atoll ; and Bolabola, a volcanic Island within an atoll. The section of Bolabola 
shows the encircling reefs, resting on the slopes of the volcanic mountain. 

4. Formation of Coral Reefs. Coral reeft are masses of 
limestone originally secreted, in the form of coral, by minute 
polypi which live in countless numbers in the tropical seas. 

The structure of the polyp consists of a cylindrical or sack-like membrane, 
attached at the bottom to some solid body, and inclosing a second sack which 
forms the stomach. At the top is an opening or mouth, which is surrounded by 
thread-like organs called tentacles. When expanded, the polyp resembles a flower 
In form, and often in the beauty of its color. (See Fig. 19, page 45. ) The solid 
coral, which composes the reef, is secreted In the cavity between the outer and 
inner membranes, as the bones are secreted in the bodies of higher animals. 

Coral polyps multiply bj 
ytaJ^lkv e KS s t to a certain extent, 

but chiefly by a process of 
budding similar to the 
branching of plants. Thus 
they grow into vast com- 
munities, in which genera- 
tion succeeds generation, 
each individual leaving be- 
hind, as it dies, its contri- 
bution to the reef in the 
form of a small cell of car- 
bonate of lime. Each com- 
munity bad its origin in a 
single free polyp, which 
was produced from sin egg, 
and subsequently attached 
Itself to the ground at 
the proper depth for its 

The coral produced 
by a single commu- 
nity of polyps grows 
chiefly upward ; but 
multitudes of distinct 
communities o f ten 
live so near together 
that the small lateral 
growth of each brings 
them into contact. 
Their separate, fragile structures, gradually broken up and 
compacted by various means, are in time transformed into a solid 
mass, forming walls of coral rock frequently of enormous extent. 
The great barrier reef near the northeastern shores of Australia, 
the longest known, is not less than 1,250 miles in length. 

Reef-building polyps do not live below the depth of 100 or 120 
feet, and hence require a foundation near the surface. This is 
furnished by submarine mountains and plateaus, or the slopes 
of those volcanic cones which form the high islands. 

Growing vertically, the reefs repeat at the surface the out- 
lines of their bases, which fact gives rise to the circular figure 
both of atolls and reefs in mid-ocean, and to the elongated, 
wall-like form of the reefs adjacent to the continents, like those 
of Florida and of Australia. 

The formation of fringing reefs can readily be explained, but it is less easy to 
see why the barrier reefs are so distant from the islands which they surround. 
This Is, however, satisfactorily explained by Darwin, who has ascertained that 
the base of these reefs often reaches i,0UU or even 1,500 feet In depth, while it is 
known that the polyps live only at slight depths. 

He infers that they were originally fringing reefs, and tbat their foundations 
have since gradually sunk. During such a slow subsidence, the reef, always 
growing towards the surface of the sea, preserves its position ; while the island 
gradually becomes smaller, and the lagoon enlarges proportionally. Finally the 
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island may entirely disappear, In which case the barrier reef becomes an atoll 
with an empty lagoon In the centre. Dana's extensive observations confirm this 

5. Islands. Though the polyps perish when they reach the 
surface of the sea, yet the dibrU of the disintegrating coral, ac-l 
cumulated by the waves upon the 
top of the reef, soon raise it above 
the water, forming the soil of one 
or more islands. Such islands are 
never more than from ten to twelve 
feet above the sea, the limit as- 
signed them by the power of the 
waves. They are usually higher 
on the outer margin, sloping slight- 
ly towards the lagoon. 

The soil, exposed to the action 
of the atmosphere, is gradually pre- 
pared to support vegetation, which 

presently makes its appearance. rra.ie.u- 

Seeds of a few plants, which, from 

their hardy nature, are not injured by sea-water, are transported 
by the waves and thrown upon the shoreB, while others are 
brought by birds. Under the influence of a moist tropical 
climate they develop and multiply with rapidity, and Boon the 
entire island is covered with luxuriant verdure. 

Variety is wanting, however, as the whole flora consists of 
scarcely more than a Bcore of species. Pandanus trees, and the 
majestic cocoa-palm, are the most characteristic ornaments, as 



well as the most useful representatives, of the vegetable kingdom 
in the coral islands. Thus, however full of beauty and interest 
these islands may be, they offer but scanty resources for man's 
support. 

With only one kind of rock and soil, and no metals for tools; 
a land without mountains, valleys, 
or rivers, the arable portion of 
which is only a small part of its 
area ; with a flora reduced to a few 
species, and a fauna lacking all 
large animals, — the coral islands 
are almost destitute of means fur 
that higher culture which ib the 
true end of man's existence. 

6. Distribution op Corals. 
Reef-building polyps are confined 
to the tropical seas, where the win- 
ter temperature is not below 68° 
ma niiiAi.. Fahr. But remains of coral reefs 

are found in the rocks of the ccnti- 
nents, in nearly all latitudes, indicating that, in geological times, 
there was a similarity of temperature throughout the globe. 

Coral formations are most extensive in the Pacific Ocean, es- 
pecially south of the Equator (see map, pages 18, 19), and in 
the two great archipelagoes of the East and West Indies ; but a 
large number of coral islands also occur in the Indian Ocean. 
The Coral Sea, east of northern Australia, is particularly re- 
markable for the great extent of its coral reefs. 
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QUESTIONS. 

1. Continental Islands. (See Map of the World, pages 38, 2D.) 

How do the opposite shores of the Pacific Ocean compare in the number and size 

of their islands ? 

What Inlands form properly a continuation of Alaska peninsula? 

What islands form a continuation of tin* peninsula of Kamchatka ? 

What three great islands form a chain nearly parallel to the coast of Manchuria ? 

What islands east of China? 

What islands east and southeast of lodo-Cbina ? 

What islands form a chain extending from the Malay peninsula nearly to Aus- 
tralia ? 

What islands, and groups of islands, form a chain nearly parallel to the north- 
eastern coasts of Australia,? 

What large islands nearly parallel to the southeastern coasts of Australia ? 

To what class do these various islands, and groups of islands, belong 1 

Why are tliey to be regarded as continental islands ? 

What archipelago between North and South America ? 

What continental islands on the opposite shores of the North Atlantic 1 

In what part of the Arctic Ocean are islands most numerous ? 

What is the most extensive of the Arctic lands ? 

What largo Island west of the northern projection of Asia ? 

Of what mountain system is Novaia Zemlia a continuation ? 

What large continental island off the eastern coast of Africa ? 

Which ocean has the largest and most numerous continental Islands ? 

2. Ochanic Islands. (See Map, pages 18, 19.) 

In what part of the Pacific are oceanic islands the most numerous ? 

Of how many classes are oceanic islands ? 

What, commencing with the most westerly, are tlie principal groups of coral 
islands north of the Equator ? South of the Equator ? 

In what groups are volcanic and coral islands combined ? 

What parallel and meridian cross the volcanic group of the Sandwich Islands? 

Between what parallels and meridians are most of the coral islands of the Pacific 
nit Hat I'd ? 

What two (groups of coral islands In the western part of the Atlantic 7 

What la the character of most of the islands in the Lesser Antilles 1 

What two volcanic islands lie east of Greenland ? 

What clusters of islands off the west coast of Africa 1 

To what class do these islands belong? 

What volcanic islands iu the northeastern part of the Indian Ocean ? 

What group of coral islands south of Barren Island ? 

What three groups of coral islands in the central part of the Indian Ocean ? 

ITow are these groups situated in respect to each other ? 

What other coral islands in the Indian Ocean ? 

What volcanic islands near Madagascar? 
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REVIEW OF PARTS I. AND II. 

Note. — The Roman numerals indicate the sections, and the Arabic the pages, to which the 
questions refer. 

PART I. 

I. Name and define the two main divisions of the geography of nature. What 
problems does physical geography investigate ? How does physical geography 
differ from geology ? 

II. What is the extent of the solar system ? How long is a ray of light from 
the Sun in reaching the planet Neptune ? 

III. What motions are common to all the planets ? What is the position of the 
axes of the planets in respect to the planes of their orbits ? To what degree is the 
Earth's axis inclined ? What is the effect of the inclination of the planetary axis ? 

IV. What is the specific gravity of the Earth ? 

V. How would you ascertain the difference in the longitude of two places, the 
difference in time being known ? What is the reason of this relation of longitude 
to time ? 

VI. What property belonging to magnets is exhibited by the Earth ? What is 
magnetic declination. What is the direction of declination in the Atlantic Ocean ? 
What is the direction in the Pacific ? 

VII. What evidences are thereof a high temperature within the Earth? Ex- 
plain the formation of the geysers. State the result of observations on the Earth's 
internal temperature. How are volcanic mountains formed ? 

VIII. How does the activity of volcanoes vary at different periods ? What are 
the premonitions of a volcanic eruption ? When was the first eruption of Vesu- 
vius in historic times, and what was its result ? How do the eruptions of some 
of the most famous volcanoes vary ? 

IX. Describe the general distribution of volcanoes. Where are the two great 
volcanic zones situated? In what particular regions is volcanic activity most 
intense ? What is the primary source of volcanic action ? How are volcanic 
phenomena related to the upheaval of mountain chains ? 

X. What are earthquakes ? What are the different classes of earthquake move- 
ment ? With what velocity does the earthquake wave move ? Where are the 
most extensive earthquake areas ? In what part of the year are earthquakes most 
frequent ? What general cause may be supposed to occasion earthquakes ? 

PART II. 

I. (21.) What are the several geographical elements of the globe? 

How are the form and arrangement of the land masses connected with organic life? 
What is the effect of diversity in the size and position of the land masses? 
Describe the arrangement of the land masses upon the globe. 
What is the number of the continents, and what contrast observed in their 
position ? 
What contrast presented in the positions of the three pairs of continents ? 
What farther contrast in the position of the lands and the sea. 
(22.) What are the relative positions and areas of the land masses ? 
Enumerate the topics discussed in Section I., with the principal divisions of each. 

II. Under what two aspects are the continents to be studied ? 
What is the fundamental figure of all the continents ? 

What is the direction of the greatest elongation of the several continents ? 

What is the effect of the difference in the direction of elongation ? 

What importance is attached to irregularities in the outline of continents ? 

(23.) What coincidence is observed between the relative indentation of the coasts, 
and the comparative civilization of the continents ? 

How do the several continents compare in the amount of indentation of their 
coasts? 

Enumerate the topics and sub-topics of Section II. 

III. (24.) What is the relief of a continent, and how does it differ from altitude? 
What are the several forms of relief ? 

What importance attaches to the study of relief forms ? 

Describe the position of some of the most extensive plains. 

What classification is based on the surface of the plains ? 

Define each class and give examples. 

How are different treeless plains designated ? 

(25.) How do the different classes of plains compare in fertility ? 

Mention some of the most celebrated alluvial plains. 

What is the comparative altitude of the several classes of plains ? 

Enumerate the topics discussed in Section III., with the several divisions of each. 

IV. How are plateaus situated ? Examples. 

What is the elevation of the several orders of plateaus ? 

(26.) What is the importance of plateaus in the continental reliefs? 

What is the usual character of their surface and soil ? 

What is the form of a mountain chain ? 

To what extent is the summit indented ? % 

How are mountain chains supposed to have been formed ? 

How are they classified ? Examples. 

(27.) What are the distinguishing features of each class ? 

How are valleys among mountain ranges distinguished ? 

How do the valleys differ in the two classes of mountain systems ? 

What is the origin of valleys in plains ? Describe their formation. 

(30.) What features of relief have all the continents in common ? 

What gives the continents their common tendency to a triangular form ? 

What determines their individual figures and contours ? 

Enumerate the topics discussed in Section IV., with the primary divisions of each. 



V. (31.) How do the two continents of the New World compare in structure ? 
Describe the position, extent, and structure of the primary highlands of North 

America. 

How does the elevation of the plateau vary, from North to South ? 

What is the position, structure, and altitude of the Rocky Moun tains ? 

Describe the Sierra Nevada and Cascade mountains. 

What is the position and structure of the Atlantic highlands ? 

What is the altitude of the Appalachian system of mountains ? 

(32.) What is the character of the central region of North America ? 

What are the distinguishing features of South America ? 

How do these several features compare with the corresponding regions in North 
America ? 

Describe the primary highland of South America, giving its structure, altitude, 
and slopes. 

Describe the secondary highland. (33.) What is the character of the central region? 

Enumerate the topics discussed in Section V., with their primary and secondary 
divisions. 

VI. In what respect does Asia-Europe resemble the New World ? 
In what respects is the structure of the two continents similar? 
What are the especial characteristics of Asia ? 

Describe the primary highland of eastern Asia, giving its position, structure, 
and altitude. 

Describe the secondary highland. 

(34.) How are the two highland regions connected? 

Describe the central depression of eastern Asia. 

What is the character of the northern slope ? Of the eastern slope ? 

Describe the southern slope, its plains and peninsulas. 

Describe the two highland regions of western Asia. 

(35.) Describe the central region. What depressions adjacent to the plateau of 
Iran. 

What is the character and surface of Arabia ? 

Enumerate the topics discussed in Section VI., with their primary and secondary 
divisions. 

VII. How is the continent of Europe characterized ? 

What is the character and structure of its primary highland ? 
(36.) Describe the secondary highland region. 

Of what does the central region consist, and what is the peculiarity of its structure? 
What are the main divisions of High Europe, and what the structure of each ? 
Describe the structure of the southern peninsulas. 

In what respects do they resemble, and in what differ from, the peninsuL-a of 
Asia? 
What is the extent and surface of the great European plain ? 
(38.) What are the surroundings of Low Europe ? 
Describe the Scandinavian peninsula. 
How are the British Isles connected with the continent ? 
How do the subdivisions of Europe compare with those of Asia ? 
What remarkable contrasts in structure presented by High and Low Europe ? 
Enumerate the topics discussed in Section VII., with their several divisions. 

VIII. What are the characteristics of the structure of Africa? 
How are the two halves of the continent united ? 
Describe the primary highlands of South Africa ? 

(39.) Describe the secondary highland, and the central region. 

What are the highland regions of North Africa ? 

What remarkable depressions in northern and eastern Africa ? 

Describe the central region of northern Africa. 

What is the general plan of structure in Australia ? 

Describe the primary highland region. What forms the secondary highland region ? 

Describe the central depression. 

(40.) Enumerate the topics discussed in Section VIII., with their subdivisions. 

IX. Repeat, in their order, the eight general laws of continental relief. 
What continents most clearly illustrate the first law ? 

Give examples of the position of the main axis, as expressed in the second law. 
Describe the directions of elevations, indicated in the third law, and give ex- 
amples. 
How is the fourth law exhibited in the structure of the New World ? 
How does it appear in the structure of the several continents of the Old World ? 
(41.) How is the fifth law exhibited in the several continents ? 
(42.) How does the sixth law affect the climates of the globe ? 
How is the seventh law expressed in the several continents ? 
How are the continents supposed to have been uplifted ? 
What confirmation of this view appears in their structure ? 

X. (43.) What proportion of the land surface of the globe consists of islands? 
What is the position, character, and size of the continental islands ? 

In what respects do the oceanic islands differ from the continental ? 
How are oceanic islands classified ? 

What is the size, altitude, and position of the volcanic islands ? 
Give examples of the recent formation of volcanic islands ? 
(44.) What is the most common form of coral islands ? 
Give examples of the combination of volcanic and coral islands. 
Describe the formation of coral reefs. 
How is the reef converted into an island ? 
What is the comparative value of the coral isands to man ? 
Describe the distribution of corals. 

Enumerate the topics discussed in Section X., with their primary and secondary 
divisions. 



PART III. 
THE WATERS. 



INTRODUCTION. 

1. The second great geographical element to be con- 
sidered is water, which, by disintegrating and re-arranging the 
materials of the Earth's crust, was the principal agent in shap- 
ing what is now the solid land. It is equally indispensable in 
carrying on the processes of vegetable and animal life, as it 
forms the larger part of all organized bodies. 

Water is a liquid, composed of two gases, oxygen and hydro- 
gen, not simply mixed like the gases composing the atmos- 
phere, but chemically 
combined in the ratio, 
by weight, of eight to 
one. 

Water contracts in 
volume, with a diminu- 
tion of its temperature, 
until reduced to 39.2° 
Fahr., where its density 
is greatest. Below this 
temperature it expands, 
and the formation of 
ice crystals soon com- 
mences, the freezing 
point being 32° Fahr. 

On account of the ex- 
pansion below 39.2°, the 
water near the freezing 
point floats on the sur- 
face of ponds and lakes, 

and ice forms there rath- H1AD WATKBB or TB , „ oe!M4e _ m 

er than in the depths. 

The coating of ice, even though quite thin, tends to preserve 
the warmth of the water beneath, thus limiting the extent of 
the congelation. 

Did water continue to contract as long as the temperature is 
reduced, like other substances in nature, the freezing particles, 
being heaviest, would sink to the bottom ; and the whole, 
brought successively in contact with the frosty atmosphere at 
the surface, would be rapidly frozen. Thus, in severe winters, 
the great lakes of middle latitudes might be converted into vast 
reservoirB of solid ice, which no summer's sun would have power 
to melt. 

This remarkable exception to a law otherwise universal is, 
therefore, a means of preserving, in cold climates, the liquid 
form of this element, whose ceaseless circulation is one of the 
primary conditions of the existence of organic life upon the 
globe. 
, 2. The great reservoir of terrestrial waters is the sea. By 



slow but constant evaporation the water is lifted into the atmos- 
phere in the form of vapor, which, borne by the winds to the 
continents, is there condensed and falls in beneficent rains. 

3. The rain water, spread over the surface of the conti- 
nents, in part evaporates again, or is absorbed by vegetation ; 
and a part sinks into the ground through the porous or broken 
strata, re-appearing at the surface in springs, or collecting iu 
underground streams and quiet subterranean sheets of water. 

But a considerable portion flows over the surface in brooks 
and rivulets, and these uniting with the streams sent forth by 
the springs, convert the 
depressions of the con- 
tinents into lakes, and 
form those mighty rivers 
which return the surplus 
water to the sea whence 
it came. ThuB is pro- 
duced a vast multitude 
of streams which, like 
the arteries of the hu- 
man system, carry the 
life-giving element to all 
parts of the continents. 
4. Diverse Condi- 
tions of Terrestrial 
Waters. In this cease- 
less circulation the wa- 
ters of the Earth appear 
under three different 
conditions, each gov- 

II or THE BOUKCI8 Or TIM AMAZON. eilied by itS OWI1 SSpCciill 

lawB, and requiring to 
be investigated separately ; namely, oceanic, atmospheric, and 
continental waters. The last, on account of their immediate 
dependence upon the reliefs of the land, must be studied in 
connection with the continental structures, by means of which, 
alone, they are made intelligible. 
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CONTINENTAL WATERS. 



I. Sources and Systems of Rivers. 

1. Sources of Rivers, Springs, which form the remote 
sources of most rivers, are the outflow of percolating waters 
accumulated beneath the surface of the ground. 
' The quantity of water in the springs varies, from a tiny stream- 
let trickling from crevices in 

the rocks, to a stream several 
yards broad, and powerful 
enough to turn a mill wheel. 
The most copious springs usu- 
ally occur in limestone regions, 
where extensive subterranean 
cavities or channels favor the 
confluence of the water, so that 
it forms considerable streams 
before reaching the surface. 

Some springs have a constant 
and nearly uniform flow through- 
out the year, showing that they 
derive their waters from some 

place beyond the influence of FJO M „,„„,„„ or 

the changing seasons ; while 



others diminish greatly, or cease entirely, in times of drought. 
Some are intermittent, having regular periods of rest which 
vary in duration, in different springs, from a few minutes to 
several days or weeks. 

The commonly received explanation of Intermittent springs supposes a sub- 
terranean cavity (as at A, Pig. 20), with 
one or more fissures (a, 6, c, d) admit- 
ting water, and another, in the form of 
a siphon, discharging it. 

As soon as the reservoir Is filled tip 
to the line B C, the level of the highest 
point in the siphon, the latter begins to 
discharge the water. The outflow con- 
tinues until the reservoir Is emptied to 
the line D E, the level of the place of 
exit, when It ceases, to recommence as 
soon as the feeders have again brought 
the water to the level B C. 

It is evident that the conditions sup- 
posed do not, of necessity, give rise to an 
intermittent spring ; for if the rate of 
Influx at all times equals, or exceeds, 
that of discharge, the water cannot fall 
to the level D E, and the outflow will be 
continuous. 

Springs are mo»t numerous in 
and around mountainous re- 
gions, where their formation is 
favored by a variety of causes. 
More rain falls upon mountains 
than upon either plateaus or 
plains in a corresponding posi- 
tion ; and an additional supply 
of water is derived from clouds 
and fogs which frequently hang about the mountain tops, even 
when the lower lands are bathed in Bunlight. 

Again, the broken and inclined strata, in mountainous regions, 
favor the entrance of the surface water into the ground, furnish 
channels for its circulation beneath the surface, and facilitate 
its issue at lower levels. 




The temperature of springs whose waters circulate near the 
surface of the ground varies with the seasons ; those from i 
depth below the level of constant temperature (see page 11, 
Topic III.) preserve throughout the year the mean annual tem- 
perature of the place where they occur ; while those circulating 
at great depths are thermal. 

2. Formation of River Systems. Since water flows from 
the higher to the lower lands, the line of lowest level in any 
given region, naturally becomes the channel of the main river is 

- that region. Numerous streams 

from the surrounding slopes fre- 
quently find their way to the sea 
through one main central chan- 
nel, forming a river astern, which 
takes the name of its nub 
stream. Thus the Mississippi 
system is composed of streams 
converging from the west, north, 
east, and intermediate direc- 
tions, and uniting in the cen- 
tral valley in which the Missis- 
sippi itself flows. 

The area drained by a rivet 
is called its basin. The line of 
iNTiaainiNT sraixas separation between adjacent ba- 

sins, from which the streams 
flow away in opposite directions, is called the watershed (from 
the German wasser, water, and seheide, a place of separation). 
8. The AMOUNT of water transported by a stream is by no 
means proportionate to the extent of its basin, nor to the length 
of its course, but depends on the amount of rain falling upon 
the area drained, and the ratio of 
evaporation to rainfall through- 
out the basin. Extensive for- 
ests in a river basin augment 
the volume of the water, for 
they both increase the rainfall 
and retard the evaporation of 
water from the soil. (See page 
85, Topic II., 2.) 

4. Agency of Rivers. Riv- 
ers are active and powerful 
agents in the work of erosion, 
reconstruction, and general lev- 
elling, which is constantly tak- 
ing place on the surface of the 
continents. The modes of ac- 
tion, however, vary materially 
in different parte of the course. 

II. Erosion. 

1. In the upper course the 
erosion, or wear of the channel 
by the current, is chiefly at the 
bottom of the stream. Espe- 
cially is this the case where a strong slope increases the velocity 
and power of the current, as on the sides of mountains. The 
valley excavated is often of great depth, but narrow, with sides 
sloping considerably, sometimes even precipitous. 

When the underlying rockB, in different parts of the course, 
are of unequal hardness, the erosion is necessarily unequal. The 
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softer beds, successively traversed in descending the slope, are 
worn more rapidly than the harder ones, so that the latter 
become the heads of precipices. When the difference of level 
between two successive hard strata is great, the precipices may 
be of enormous height, the intervening softer strata being some- 
times entirely cut through by the falling waters. 

2. In the middle and lowek course the stream erodes little 
at the bottom but more at the sides, undermining its bluffs, and 
constantly widening its valley, especially during freshets, when 
the volume and velocity of the water are greatly increased. 
The debris of the eroded banks is spread over the bottom of 
the valley, and upon inundated lands, or borne onward to the 
mouth of the stream. 

These lateral erosions form, in process of time, a broad bottom- 
land, which is mere or less inundated in time of high water, and 
through which, in low water, the stream flows in a winding 
course. The sediment of the inundating waters, accumulated 
year after year, gradually 
forms the rich alluvial soil 
which distinguishes all bot- 
tom-lands. 

The valley qf the Mississippi, a 
portion of which is exhibited in 
the map and section (Figs. 21, 22), 
illustrates the erosive power of 
great rivers. At Yicksburg the al- 
luvial bottom is about 65 miles 
wide, and the eastern bluff 200 feet 
high, the western being a little 
lower and less precipitous. The 
strata in the opposite bluffs corre- 
spond throughout, in such manner 
as to prove their former continuity, 
showing conclusively that the val- 
ley, vast as it is, is the result of 
erosion. 

3. The sinuosity of the 
course through the bottom- 
land is sometimes so great 
that the length of the stream, 
between two given points, is 
twice or thrice the distance 
in a direct line. 

The slope of the bottom 
is usually so slight that a trifling obstacle may deflect the 
stream from its direct course, turning it towards one or the 
other bank. When this is the case, the increased erosion of 
the bank against which it is thrown, gradually exhausts the force 
of the stream ; the current slackens, and the dibris, no longer 
carried forward, accumulates in the bed, forming an obstacle to 
the continuance of the stream in the new course. Thus it is 
again deflected, to repeat the process on the opposite bank, 
forming a series of curves of various sizes. 

Streams of great volume and power yield less readily to obsta- 
cles, and are less easily deflected from a course once established, 
than small streams ; hence their windings are much larger. 

The inequality of the bends in the Mississippi and the Bayou Macon, on the 
same slope and in the samel alluvial bottom, shown in Fig. 21, affords a striking 
illustration of this fact. 

The peninsulas enclosed by the windings of a river (as at a in Fig. 21), are 
eroded on both sides by the current, more especially at n ; and the isthmus is 
sometimes entirely cut through, forming an island. If the main volume of the 
stream takes the direct course, across n, the accumulation of dibris along its 
margin may finally dam the old channel, producing a lake, as at c. 

4. In high water, the power of the river being greatly 
increased, the current has a tendency to take a more direct 




FIG. 23. THE DELTA OF THE NILS. 



course. Fresh channels may thus be eroded, and the windings 
changed, so that when the flood subsides the main stream has a 
new position. In this case the old channel is occupied by a 
minor stream, called a bayou^ or by one or more lakes ; or, hav- 
ing been filled with alluvial materials, it is entirely abandoned. 
The nature of the soil, made up as it is by successive layers 
of loose materials, facilitates these changes; and the bottom- 
land frequently presents, through its entire breadth, a net-work 
of bayous, intermingled with lakes, all more or less connected 
with the main stream. 



III. Transportation. 

1. The amount of transportation going on in the rivers of 
the continents is beyond calculation. It is estimated that the 
sediment annually borne by the Mississippi into the Gulf of 
Mexico is sufficient to cover one square mile to the depth of 268 

feet; while the annual de- 
posit of the Ganges, in the 
Bay of Bengal, would cover 
an equal area to the depth 
of 228 feet. These are but 
examples of the work done 
by the great streams in all 
parts of the Earth. 

2. Mode. Streams, 
throughout their course, hold 
in suspension more or less of 
fine earthy matter, forming 
mud or silt ; and great quan- 
tities of heavier materials — 
like sand, gravel, and peb- 
bles — are pushed along the 
channel by the current. 

In the upper course, boul- 
ders and large pebbles cover 
the bed of the stream, but 
the heavier of these are 
gradually left behind, or car- 
ried onward only in freshets. 
The lighter, borne onward 
by the current, are reduced by friction to gravel and coarse 
sand, which form the bed in the middle course ; and these, in 
turn, are successively ground up, or left, only fine sand or silt 
being transported to the mouth. 

These earthy substances are derived from every part of the 
river-basin, through the agency of rains, frosts, slow chemical 
decomposition, and the erosion of the streams themselves. 
They are always mingled with more or less of vegetable and 
animal matter, which has fallen or been washed into the river, 
and forms a valuable addition to the soil of the bottom-lands. 



IT. Deposit. 

1. The Deposit of the materials transported by rivers is 
greater on the immediate banks, and at the bottom of the 
stream, than on the more remote inundated surface, to which 
only the finest mud is borne ; and it increases with the slacken- 
ing of the current as the river nears the sea. The larger por- 
tion, however, is borne onward to the mouth, and deposited in 
the waters into which the river discharges. 

The combined forces of the waves and the river-currents, 
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acting in opposite directions, frequently heap up the sediment 
so as to form a sand-bar across the river mouth, at a greater or 
less distance from the shore. The formation of such a bar 
favors the deposit of sediment behind it, and hastens that 
encroachment of the land upon the sea, to which the rivers are 
constantly contributing. Most of the rivers of our Southern 
States afford examples of this formation. 

2. Deltas. If there be nothing to displace the alluvial 
material deposited around the mouth of a great stream, it 
accumulates from year to year, and finally reaches the surface, 
forming a flat, moist plain. Through this the stream advances, 
usually by several distinct channels, in sluggish currents, to the 
waters beyond. Thus great rivers gradually pave their way 
into the sea, building up a constantly enlarging area of alluvial 
land, called a delta, from its resemblance in form to the Greek 
letter Delta (A). (See Fig. 23.) 

Deltas, therefore, are but expansions and prolongations of the 
alluvial river-bottom. They are gradually elevated by deposits 
during inundation* but never rise much above the sea-level, 
their limit being the level of the stream at high water. Only 
two-thirds of the great delta of the Mississippi, the area of 
which is estimated at 12,300 square miles, is above the level 
of the Gulf, one-third being a sea marsh. 

The accumulation of alluvial deposits on the immediate banks 
of the stream, usually raises them above the general level of the 
delta, while the level of the stream is raised correspondingly by 
deposits in the bed. Thus it happens that, though the channel 
extends deep below the level of the sea, the surface of the 
stream flows along the summit of a swell, from which the land 
descends on each side. 




a, b. Leveet upon the bank*, e. Channel, cf, e. Marahet often inundated. 
FIG. 24. SECTION Or THE MISSISSIPPI WITHIN THE DELTA. 

In the Mississippi delta, for example, the slope of the ground from the mar- 
gin of the stream, exhibited in Fig. 24, is about seven feet for the first mile; 
while the descent of the stream, in the direction of its course, averages less than 
two inches to a mile throughout the delta. 

The slope of the surface of deltas from the stream being, in 
general, greater than the slope of the stream in the direction of 
its course, the overflowing waters tend to descend the former 
rather than keep the direction of the channel. Again, the 
facility with which the soil of the delta can be eroded, promotes 
the formation of new channels during inundation. 

These two facts combined explain the tendency of all great 
rivers to divide into several branches, before losing themselves 
in the sea; and account for the large number of divergent 
streams which thread every delta, each contributing a share to 
its enlargement. 

The Mississippi delta, one of the most extensive, affords a striking illustra- 
tion of this tendency to division. Numerous branches diverge from the river 
throughout the vast delta; and the main stream, flowing upon a long, narrow 
tongue of sand, again divides, near its termination, into four principal channels. 



Y. Rapids and Cataracts. 

The variations in the slope of a river-bed, arising from un- 
equal erosion, or from the original irregularities in the surface, 
give rise to rapids and falls. 



The first occur where an increased slope causes the stream to 
flow with more than its average velocity. The second are 
caused by nearly perpendicular rocky walls, down which the 
foaming water descends in picturesque cascades, or imposing 
cataracts. Usage, however, often confounds these names. 

The famous " Cataracts of the Nile " are merely rapids which 
impede, but do not entirely obstruct, the navigation as cataracts 
must. The so-called Falls of St. Anthony, in the upper Mis- 
sissippi, and the rapids of the St. Lawrence, above Montreal, 
are among the finest rapids in American rivers. 

The highest falls are in the upper course of rivers, in moun- 
tainous regions ; the greatest and most imposing, in their middle 
course. Among the former the Yosemite Fall, in California, is 
probably the most remarkable. It descends an almost perpen- 
dicular ledge of rocks more than 2,500 feet high, to the bottom 
of the Yosemite valley, forming three separate cataracts. The 
first falls 1,500 feet to a shelf of rock ; the second descends from 
this shelf in a series of cascades through 626 feet ; and the third 
makes the final plunge of 400 feet, to the foot of the precipice. 

The Keelfoss, in Norway, the highest fall in Europe, has 
an uninterrupted descent of 2,000 feet; and the Cascade of 
Gavarnie, iu the Pyrenees, falls from a height of more than 
1,300 feet. The Staubbach, in the Swiss Alps, descends a 
precipice of 900 feet, and is reduced to spray before reaching 
the bottom. 

The Fall of Tequendama, in the river Bogota, among the 
Andes, precipitates itself 560 feet into a deep recess, amidst 
the most gorgeous tropical vegetation. 

Among the great cataracts, in the middle course of rivers, 
that of Niagara takes the first rank by reason of the volume 
of water falling. The river, which is the sole outlet of the 
great lakes, and is more than half a mile wide, pours itself, in 
two vast sheets, over a precipice 160 feet high. 

The Shoshonee Falls, in Snake River, in Idaho ; the Victoria 
Falls, in the Zambesi ; the Falls of the Cavery, in India, one 
of which is 500 feet in height; the newly discovered fall of 
Raietur in British Guiana formed by a large affluent of the 
Essequibo, which jumps, in a single leap, into a vast basin 740 
feet below; and the Falls of the Rhine — but 60 feet high — 
are said to equal Niagara in picturesque beauty, though all are 
far surpassed by it in grandeur. 

ANALYSIS OF SECTION L 
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II— LAKES. 
I. Mountain Lakes. 

Lakes, being but accumulations of water in tbe natural depres- 
sions in the surface of the continents, derive their form and 
character from 
the nature of 
their basins, and 
of the regions in 
which they are 
found. 

Mountain 
lakes, which are 
valleys ot 
chasms filled by 
streams, are long 
and narrow, 
rarely of exten- 
sive area, but 
often of great 
depth. Exam- 
ples of this class 
are found in 
Lakes Cham- 
plain and 
George, among 
the Appalachian 
Mountains; 
Lakes Con- 
stance and Ge- * PiBT op l 
neva, on the 

northern side of the Alps ; and Lake Maggiore and Lake Como, 
on the south side : all of which are renowoed for the loveliness 
of their shores, or the grandeur of the surrounding mountain 
Bcenery. 

Lake Maggiore, which is hardly three miles wide, is, according 
to the Italian engineers, 2,623 feet deep — more than double the 
depth of Lake Superior — its basin reaching 1,936 feet below 
the sea level. 

The forms of mountain lakes are very irregular, for the water' 
often covers several contiguous and connected valleys. This is 
the case in Lake Como, which has two long arms ; and Lakes 
Lucerne and Lugano, each of which fills four distinct valleys, 
meeting one another nearly at right angles. 



II. Lakes in Plains. 

The lake basins in plains and plateaus are, usually, simple 
depressions in a comparatively uniform surface. The lakes are 
therefore, often of great size, broad in proportion to their length, 
but of little depth compared with their area. 

The largest lakes of the globe — the Caspian and Aral seas, 
and the great North American and African lakes — and the 
largest in Europe and South America, all belong to this class. 
Their vast expanse, together with the tameness of their shores, 
deprives them of the picturesque beauty which characterizes 
mountain lakes. 

Most lakes receive and send forth streams, of which they seem 
properly to be but expansions. They form reservoirs, which, 
receiving the surplus waters in time of freshets, equalize the 
flow of rivers, and prevent destructive inundations. In their 
basins, the wild mountain torrents find rest, and the muddy 
waters deposit their sediment, and flow out pure and transpar- 
ent, with a gentle current. 

III. Salt Lakes. 

1. Characteristics. Numerous lakes iu the interior of the 
continents, though receiving affluents, have no outlet. Their 

waters are chief- 
ly lost by evapo- 
ration, though 
some portion 
may be absorbed 
by the sandy 
soil. Lakes of 
this class are 
usually salt. 

2. Cause op 
Saltness. The 
surfaces of the 
continents hav- 
ing been the 
beds of the pri- 
meval oceans, 
the presence of 
salt in the soil is 
a natural conse- 
quence. Fresh 
water streams 
and lakes were 
formed only 
after the soil had 
r uiciiuii. been thoroughly 

washed by rains, 
and the salt carried away by streams into the ocean. 

If the streams receiving the substances washed from the soil 
by the rainfall, do not flow away to the ocean, but enter inland 
basins without outlet, the lakes formed in those basins will 
necessarily be salt. Their size will depend upon the relation 
between the amount of rain and the rapidity of evaporation in 
the region whose surplus waters they receive. 

3. Examples. The Great Salt Lake of Utah, in the Great 
American Basin, is one of the finest examples of its class. The 
Caspian and Aral seas, at the bottom of the vast depression be- 
tween Europe and Asia, are the most extensive salt lakes. The 
former has about four times the area of Lake Superior ; and the 
latter is a little larger than Lake Michigan. 
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The Caspian, though receiving the Volga, the largest river of 
Europe, evaporates so much water that its surface is about 83 
feet lower than that of the Mediterranean, varying with the 
seasons. Many lakes in its neighborhood disappear entirely in 
the heat and drought of summer, leaving their beds covered 
with a crust of pure white crystalline salt. From one of these 
— Lake Elton, between the Ural and the Volga — 100,000 tons 
of salt are taken annually. 

The Dead Sea, in Syria, east of the southern angle of the 
Mediterranean, is a remarkable lake in which the salt has accu- 
mulated until the water is converted into a heavy brine. It may 
be the remnant of an ancient sea of much greater extent, which 
has been gradually reduced in size by the excess of evaporation 
over the supply of water in its basin. 

This celebrated body of water lies in the deepest part of a long 
chasm or valley, which is sunk not less than 4,000 feet below the 
level of the surrounding country. The surface of the lake is 
1,286 feet, and its bottom 2,500 feet, below the level of the 
Mediterranean. 

Its feeder, the river Jordan, accomplishes nearly its entire 
course below the level of the sea, the only known instance of the 
kind. The beautiful lake of Tiberias, the scene of so many of 
the miracles of Jesus, which is but an expansion of the Jordan 
in its upper course, is about 650 feet below the surface of the 
Mediterranean. 

IT. Geographical Distribution of Lakes. 

1. Lakes are most numerous in the central and northern 
portions of Asia, Europe, and North America. The southern 
continents, except Africa, have comparatively few. 

2. Asia is pre-eminently the continent of salt lakes. They 
occur in countless numbers, both in the steppes north of the 
Caspian and Aral, and in all the interior plateaus. Lakes of 
fresh water are also found among the Altai Mountains and 
adjacent chains. Lake Baikal, one of these, is the largest 
mountain lake known, being nearly 500 miles long. 

3. In Europe, the most characteristic and celebrated lakes 
are those which adorn the Alps of Switzerland and Scandinavia, 
and the less lofty mountain chains of the British Isles. But 
the largest lakes are found in the low lands and slight swells 
which surround the Baltic Sea, in western Russia and Sweden. 
Lakes Ladoga and Onega in Russia, and Wener and Wetter in 
Sweden, are the largest in Europe. 

4. North America is peculiarly rich in great lakes. No 
continent presents a more remarkable series than that which 
stretches from northwest to southeast, through the central plains, 
along the line of contact of the oldest geological formations of 
the continent. This series includes Great Bear and Great Slave 
lakes, Athabasca and Winnipeg, and the five great lakes of the 
St. Lawrence, with many of less area. 

Innumerable small lakes are scattered throughout the middle 
portions of the central plain, and the northern and less regular 
part of the Appalachian mountain region ; but south of the par- 
allel of Lake Erie there is an almost entire absence of lakes, 
whether large or small. 

5. In Africa the great plateau lakes are typical of the conti- 
nent. The Victoria Nyanza and Albert Nyanza, feeding the 
White Nile : Tanganyika, whose outlet is unknown ; Tzana, at 
the head of the Blue Nile ; and Lake Nyassi, in the Zambesi 
basin, all rest on the high plateaus of Central Africa. Lake 
Tchad alone, among large African lakes, is surrounded by low 
plains. 



analysis op section II. 

I. Mountain Lakes. 

a. Form and character of lakes doe to 

b. Characteristics of mountain lakes. 

c. Examples. 

d. Peculiarities of form. 

II. Lakes in Plains. 

a. Basins and characteristics. 

b. Great lakes of globe. 

c Connection of streams with lakes, 
d. Effects produced by lakes. 

III. Salt Lakes. 

1. Characteristics. 

2. Cause of Saltness. 

a. Salt In soil. 

b. Formation of fresh water streams and 

c. takes in enclosed basins. 
8. Examples. 

a. Great Salt Lake. 

b. Caspian and Aral. 
o. Dead Sea. 

Its character. 
Its basin. 
Its feeder. 

IT. Distribution of Lakes. 

a. Where most numerous. 

b. Lakes of Asia. 

c. Lakes of Europe. 

d. Lakes of North America. 

e. Lakes of Africa. 



III.— DRAINAGE OF NORTH AMERICA. 

I. Influence of the Continental Structure. 

The position of the main axis of the continent, nearer the Pa- 
cific Ocean than the Atlantic, causes all the longest streams to 
enter the Atlantic and Arctic basins, while those of secondary 
rank enter the Pacific. Again, the position of the two fundamen- 
tal highlands near opposite shores, throws the larger part of the 
flowing waters into the central depression, where, under the in- 
fluence of converging slopes, they are combined into a few great 
systems. 

Thirdly, the presence of a secondary watershed, the Height of 
Land, crossing the central plains, divides these systems into two 
groups : on the south the Mississippi and St. Lawrence systems; 
on the north the Mackenzie and Saskatchewan systems. 

Fourthly, a series of great depressed basins, forming three natu- 
ral groups, give rise to the most remarkable belt of lakes on the 
face of the globe, belonging to three river systems — the Mack- 
enzie, the Saskatchewan, and the St. Lawrence. 

II. The Main Water-shed. 

The Rocky Mountains, which, with their southward extension, 
constitute the main axis of the continent, form through their 
entire extent, the water-shed between the streams of the Pacific 
slope and those of the central plains. 

But the middle portion, in which the altitude of passes ranges ; 
from 7,500 to 11,000 feet, and that of peaks from 12,000 to \ 
15,000, forms the most remarkable hydrographical centre. 

From Union Peak, in Wind River Mountains, water descends 
on three sides, to the Mississippi, the Columbia, and the Colo- 
rado river ; and within a distance of 600 miles south of this peak, 
six of the greatest rivers of the continent have their origin.. 
Eastward flow the Missouri, the Platte, and the Arkansas ; west- 
ward the head waters of the Columbia, and Colorado; and 
southward the Rio Grande del Norte. 

Farther north, in British America, is a similar centre from 
which flow four streams : on the east the Saskatchewan and the 
enzie ; on the west the Yukon and the Frazer. 
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III. The Mississippi System. 

1. The Basin of the Mississippi consists of the three long 
slopes which form the southern half of the great central de- 
pression of the continent — the slope from the Rocky Mountains 
eastward, from the Appalachian Mountains westward, and 
from the Height of Land southward. 

2. Three great tributaries, each representing one of these 
slopes, form, by their union, the main stream ; namely, the Mis- 
souri, much the longest, from the west ; the Ohio, contributing 
the greatest amount of water, from the east; and the upper 
Mississippi, from the north. 

The channel of each of these great affluents is fixed by the 
configuration of the surface. The Mississippi flows along the 
line in which the inner slopes, from the primary and the second- 
ary highlands of the continent, meet ; the Missouri and Ohio 
lie where these 



IV. St. Lawrence System. 

The St. Lawrence, like the upper Mississippi, riseB in the 
Height of Land in the very heart of the continent, its remote 
source^ the St. Louis River, being only an inconsiderable stream. 

The real sources of this noble river are, however, that chain of 
magnificent lakes, of which it is the only outlet. 

The extent of its basin — only about two-fifths of that of the Mis- 
sissippi — is singularly small compared with the magnitude of the 
stream, and with the volume of water it discharges into the sea, 
which is said to be more than double that of the 2 
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height of land. 
The first, though 
so much shorter 
than the Mis- 
souri before 
their conflu- 
ence, properly 
gives its name 
to the system, 
since it occupies 
the main or cen- 
tral valley. 

Two other 
tributaries of 
great length, the 
Arkansas and 
Red rivers, to- 
gether with 
many minor 
ones, swell the 

waters of the main stream, and establish means of intercom- 
munication between all parts of this vast basin. 

The western affluents have the most extensive basins and the 
longest courses, but they transport comparatively little water; 
while the eastern contribute a large amount of water from limited 
areas. 

The Ohio, whose entire basin lies in the path of the moist 
southwesterly winds from the Gulf of Mexico, is the largest 
contributor. 

The following table gives the area of drainage, length of course, and average 
discharge of water per second, of each of the main tributaries of the Mississippi, 
and of the entire system. The figures are from the " Report upon the Physics 
and Hydraulics of tbe Mississippi River, by the U.S. Topographical Engineers." 

TABLE OF STREAMS OF THE MISSISSIPPI SYSTEM. 
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Y. Other Systems. 

The Yukon, draining the northern extremity of the Pacific 
highlands, the Rio Grande del Norte, draining the southern part 
of the Rocky Mountains, and the Columbia and Colorado, drain- 
ing the central 
portions of the 
Pacific slope, 
complete the list 
of great rivers 
in North Amer- 
ica. None of 
these is less than 
1,000 miles in 
length, while the 
longest, the Yu- 
kon, is 2,044 
miles long. 

The minor 
streams form five 
groups. The 
first group drain 
the short slopes . 
surrounding 
Hudson Bay; 
the second, the 
Atlantic slope of 
tiu pioTuasD bucks. the Appalachian 

mountains ; the 
third, the short slopes around the Gulf of Mexico. 

The fourth group drain the Pacific slopes of the Sierra Nevada 
and Cascade mountains. The fifth lie in the enclosed basin, be- 
tween the Sierra Nevada and the Rocky mountains, and discharge 
into salt lakes, among which the Great* Salt Lake of Utah is the 
largest. 

TABLE OF NORTH AMERICAN RIVERS AND LAKES. 
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This table shows that the four great river systems of the conti- 
nent belong to the central plains, and those of the second order 
to the Pacific. The coast rivers, as compared with these, are 
inconsiderable ; and the Gulf rivers, both in area of basin and 
length of course, exceed those flowing directly into the Atlantic. 
The great lakes are all within the central plains, belonging to the 
St. Lawrence, the Mackenzie, and the Saskatchewan system. 

ANALYSIS OF SECTION III. 

I. Influence of Continental Structure. 

a. Of position of main axle. 

b. Of positions of fundamental highlands. 

c. Of secondary water-shed. 

d. Of depressed basins. 

II. Main Water-shed of North America. 

a. What constitutes it. 

b. Primary hydrographlcal centre. 

c. Secondary hydrographlcal centre. 

III. Mississippi System. 

1. Basin. How Constituted. 

2. Three Great Tributaries. 

a. Directions. 

b. Position of channels. 

c. Other tributaries. 

8. Amount of Water Transported. 

a. Western affluents. 

b. Eastern affluents. 

c. Table of Mississippi system. 

IT. St. Lawrence System. 

a. Remote source. 

b. Real source. 

c. Extent of basin. - 

V. Other Systems. 

a. Remaining great rivers. 

b. Minor streams. 

VI. Table of Nort h American Rivers. 

a. Relative rank of systems. 

b. Position of lakes. 



IV. — DRAINAGE OF SOUTH AMERICA. 

I. Influence of the Continental Structure. 

The position of the two axes of the continent, near opposite 
shores, gives to South America the same general plan of drain- 
age as exists in North America; but the greater unity of struc- 
ture in the former gives rise to a still more extensive combination 
of streams than in the latter. 

Thus it is that South America, though ranking fourth among 
the continents in size, possesses the most extensive river sj T stem 
of the globe, the Amazon, whose area of drainage is 2,300,000 
square miles, more than double that of any other system. 

The effect of the extreme inequality of the continental slopes, is 
seen in the fact that only mountain torrents enter the Pacific ; 
while three vast systems, including very nearly all the consider- 
able streams of the continent, enter the Atlantic. 

Each of the systems is especially connected with one of the 
great features of the continental structure. The Amazon derives 
its main waters from the Andes, but receives tributaries from 
both of the subordinate highlands. The La Plata is the system 
of the Brazilian table-land, and the Orinoco of the mountain- 
land of Guiana ; but each receives subordinate streams from the 
Andes. 

The uniformity of surface in the interior plains, together with 
their alluvial formation, in marked contrast to the central plains 
of North America, causes that entire absence of great lakes 
which is noticeable in South America. 

II. The Amazon System. 

1. Basin. This basin is composed of the great eastern slope 
of the central Andes, and two subordinate regions — the north- 



ern slope of the plateau of Brazil, and the southern of the 
mountain-land of Guiana. The Madeira on the sputh, and 
the Rio Negro on the north, mark the intersections of these 
slopes. 

2. Source of Waters. The main stream and its greatest 
tributaries are from the Andes. They drain a continuous arc 
of mountains nearly 2,000 miles in length, including the highest 
portions of the system. Streams oi great length and volume 
also flow from the Brazilian plateau, but those from the moun- 
tain-land of Guiana are comparatively unimportant. 

The position of the Amazon in the continent, and the source 
whence its waters are derived, correspond to those of the Sas- 
katchewan in North America ; but, while the former ranks first 
among the streams of the earth, the latter is a river of second- 
ary order. 

8. The amount of water transported by the Amazon sys- 
tem surpasses that of other streams as greatly as does the area 
of its drainage. The vast basin lies wholly in the latitude of 
most abundant tropical rains, and no barrier intervenes to ex- 
clude from it the wealth of moisture transported westward by 
the trade winds from the Atlantic. 

The broad estuary, at the mouth of the river, may justly be 
compared to a sea of fresh water ; and for hundreds of miles 
from the shore, the turbid yellow stream flows on, distinct from 
the clearer waters of the surrounding ocean. 

III. Other Systems. 

1. The Rio de la Plata basin is similar in position and 
structure to the Mississippi basin, and very nearly as extensive. 
It includes the southern portions of the interior plain and the 
Brazilian plateau, together with the eastern slope of the Andes 
of Bolivia and Chili. Only secondary tributaries, however, flow 
from the latter. 

The main stream of this system is the Parana ; its principal 
tributaries the Paraguay and Uruguay. The name of Rio de la 
Plata belongs only to the broad estuary at the mouth of the 
Parana. 

2. The Orinoco basin corresponds in position and structure 
to the Mackenzie basin of North America, though its area is con- 
siderably less. It includes the eastern slope of the northern 
Andes, the northern plains, and the main mass of the mountain-, 
land of Guiana ; the principal stream coming from the latter, and 
following its base. 

The Orinoco and La Plata basins, however, can hardly be con- 
sidered as separated from that of the Amazon by regular water- 
sheds. The head waters of the Paraguay, in the La Plata 
system, mingle with those of the Madeira, during the rainy sea- 
son, in inundated swamps. The Orinoco in its upper course 
divides^ sending nearly one third of its water to the Amazon 
system, by the Cassiquiare, a permanent stream comparable in 
size to the Rhine. 

3. Minor Streams. The San Francisco, draining a longi- 
tudinal valley at the western foot of the secondary continental 
axis, corresponds to the St. Lawrence in North America. The 
Magdalena, between the ranges at the northern extremity of 
the Andes, corresponds to the Yukon ; and the small Rio Negro, 
draining the southern extremity of the high Andes, to the Rio 
Grande del Norte. 

Thus the similarity in the general plan of structure of North 
and South America, gives rise to a marked resemblance in tie 
position and combination of their streams. 
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The only large lakes in South America are Lake Maracaybo 
(area 5,300 square miles, altitude, sea level) and Lake Titicaca 
(area 3,500 square miles, altitude 12,850 feet, depth 700 feet). 

IV. Table of South American Rivers. 
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ANALYSIS OF SECTION IV. 

I. Influence of Continental Structure. 

a. Position of axes. 

b. Unity of structure. 

c. Inequality of continental slopes. 

d. Relation of systems to structural features. 

e. Uniformity of Interior plains. 

II. Amazon System. 

1. The Basin. 

a. How constituted. 

b. Intersection of slopes, how marked. 

2. Soubcb of Water. 

Corresponding stream of North America. 

3. Amount of Water Transported. 

IH. Other Systems. 

1. La Plata Basin. 

a. Position and structure. 

b. Regions included. 

c. Source of main stream. 

2. Orinoco Basin. 

a. Position and structure. 

b. Regions included. 

c. Source of main waters. 

d. The Orinoco and La Plata basins 

basin. Connections. 
8. Minor Streams. 

a. Ban Francisco. 

b. Magdalena. 

c. Rio Negro. 

IV. Table of Sooth American Streams. 



V. — DRAINAGE OF ASIA AND EUROPE. 
I. Eastern Asia. 

1. Influence of the Continental Structure. The posi- 
tion of the two axes of Asia, near the centre of the main body of 
the continent, together with the plateau character of the central 
depression, gives to this continent a plan of drainage quite oppo- 
site to that pervading the New World. The waters of the central 
depression are imprisoned within it by a girdle of snowy moun- 
tain chains, and, having no outlet, are carried away by evapora- 
tion. 

The exterior slopes, descending from the central mass towards 
the four cardinal points, send their waters, in many separate 
streams, to the adjacent oceans and inland seas. Those upon the 
same slope are approximately parallel, rarely flowing together. 
Hence this vast continent does not show such extensive combi- 
nations of rivers as distinguish the great interior plains of the 
New World. 

2. Principal Streams. Three great streams — the Obi, the 
Yenisei, and the Lena — flow northward, through the vast plains 
of Siberia, into the Arctic Ocean. Three others — the Amoor, 
the Hoang-Ho, and the Yang-tse-Kiang — descend the eastern 
slope, through high mountains, valleys, and alluvial plains, to 



the Pacific. On the southeast two — the Mekong and Irawaddy 
— flow, between long parallel mountain chains, into the gulfs of 
Siam and Bengal. 

Three on the south, the " sacred streams" from the Himalayas 
— the Sampu or Brahmapootra, the Ganges, and the Indus — 
enter the Indian Ocean. Two on the west — the Amoo Daria, 
and the Sir Daria — entering the Aral Sea, complete the garland 
of great rivers descending from the central highlands. In the 
central depression, the Tarim, after a course of 1,700 miles, 
disappears amid the sands of the desert of East Turkestan, in 
Lake Lop, whose only outlet is by evaporation. 

II. Western Asia. 

Western Asia, with its central table-land of Iran, and its 
peninsular plateau of Arabia, has but one considerable river 
system, that of the Euphrates and Tigris, flowing into the Per- 
sian Gulf. In the central depression of Iran, from which no 
water finds its way to the ocean, the Helmund has a course of 
800 miles, and loses itself in Lake Hamoon, in the swamps of 
Seistan, as the Tarim does in Lake Lop. 

III. Europe. 

1. Separate Hydrographical Centres. High Europe, 
on the southwest, a mountain-land with great peninsulas, and 
low Europe, on the northeast, a region of vast plains — each has, 
like Asia, a hydrographical centre from which streams radiate in 
every direction. The snow-crowned Alps in the former, and the 
low Valdai Hills in the latter, form these centres. 

2. High Europe. Four streams — the Rhine, the Danube, 
the Rhdne, and the Po — drain the entire system of the Alps. 
The Rhine alone takes its course directly to the ocean, forcing 
its way to the sea through narrow and picturesque defiles, across 
the secondary highlands which surround the Alps. The others 
flow parallel with the mountain mass, collecting nearly all the 
Alpine waters, and finally entering inland seas. 

Numerous streams of lesser magnitude flow from the second- 
ary highlands to the adjacent seas, with a general direction 
towards the northwest imparted by the slope of the continent 
in that direction. 

In each of the three main divisions of High Europe (see page 
36, Topic II.) are four principal streams. The western has the 
Garonne and the Loire, from the central plateau of France, and 
the Pyrenees; the Seine and the Meuse, from the plateau of 
Langres. (See map, page 87.) 

The central division has the Weser and the Elbe, from the 
inclosed basins ; the Oder and the Vistula, from the outer slope 
of the marginal highlands. 

The eastern has the Theiss and the Aluta, from the plateau of 
Transylvania, with the Pruth and the Sereth, from the Carpa- 
thian Mountains, all of which enter the ^Danube. 

The course of the principal streams of High Europe affords a 
striking illustration of the fact, that the direction of the flowing 
waters is governed by the general slope of the mass elevations 
of the continent, and not by the mountain ranges. The latter, 
indeed, form but trifling obstacles in the path of streams, often 
causing no more than a small deviation from their general course. 
A slight swell operates in the same manner, and often produces 
as great an effect, as a range of mountains. (See Coast Swell, 
on map, page 37.) 

From the Alps the land descends gradually northward to 
the Baltic Sea, eastward to the Black Sea, and westward to the 
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Atlantic Ocean. The Danube, rising in the Black Forest Moun- 
tains, follows the general eastward slope, passing, through trans- 
verse gaps, a number of mountain ranges lying directly across 
its course. 

The Rhine, rising in the central Alps, follows the slope of the 
highlands towards the north. It crosses the Swiss Alps and the 
Jura, by transverse valleys, forming Lake Constance between 
them; then de- 
scends the longi- 
tudinal valley be- 
tween the Vosges 
and Black Forest 
M o untain s, 
rounds the north- 
ern terminus of 
the former, and 
crosses, nearly at 
right angles, the 
plateau of the 
lower Rhine. 

The head wa- 
ters of the Rhdne 
cross the Swiss 
Alps " and the 
Jura, descending 
the westward 
slope ; but, 

turned aside by »nw oh ■. 

the high border 

of the massive plateau of central France, the stream descends 
the longitudinal valley between the CeVennes and the Western 
Alps, to the Mediterranean. 

In like manner the Weter and the Elbe, rising in the interior 
basins north of the Alps, traverse the secondary continental axis 
and the swells which intervene between it and the northern seas ; 
while the Oder and Vistula cross the swells only. Each departs 
from its original northwesterly course in crossing these harriers, 
but returns to it as soon as the obstacle is passed. 

8. Low Europe. The European plain, unlike the great inte- 



rior plains of the New World, is highest in the centre, where the 
Valdai Plateau is about 800 feet in altitude, with hills of 1,100 feet. 
Hence its streams, instead of being combined into a few great 
systems, are dispersed in separate courses, descending the slopes 
from the interior, towards the four cardinal points. These diver- 
gent streams all enter the four inland seas, which border upon 
the great European plain and form its only outlets. 

Low Europe, 
with more ex- 
tend e d plains, 
has on the whole 
longer rivers 
than High Eu- 
rope. But here, 
also, the central 
swell suffices to 
prevent a com- 
bination of the 
flowing waters 
into one great 
system like that 
of the Missis- 
sippi. 

It is worthy of 
remark, that the 
longest streams 
of Europe, and 
ei bbihc. those draining 

the largest arena, 
are nearly all directed towards the vast depression which sepa- 
rates that continent from Asia. 

4. The peninsulas have only subordinate streams. The long- 
est are those of Spain, which descend from the northeastern high- 
lands, near the Mediterranean shores, to the Atlantic Ocean. 

In the Scandinavian Peninsula the streams mainly enter the 
Baltic, the fiords, due to the submergence of the valleys, taking 
the place of rivers on the Atlantic slope. In the transverse val- 
leys, on the eastern slope of the mountains, are many beautiful 
Alpine lakes, some of which are of considerable size. 
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ANALYSIS OP SECTION V. 

I. Eastern Alia. 

1. IarLciRtti or Cobthiihtal STKOcrtraa. 

b. Watera of central depreaalon. 

c. Watera of exterior alopee. 
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2. Principal Streams . 

a. Of northern, eastern, and southeastern elopes. 

b. Of southern and western slopes. 

c. Of central depression. 



II. Western Asia. 



a. Principal system. Stream of central depression. 



III. Europe. 



1. Separate Htdrographical Centres. 

2. High Europe. 

a. Four Alpine systems. 

b. Secondary systems of High Europe. 

c. Truth illustrated by course of these streams. 

Effect of mountain ranges and swells. 

d. Course of Danube. Rhine. Rhdne. 

e. Course of secondary streams. 

3. Low Europe. 

a. Hydrographical centre. Result. Course of rivers. 

b. Streams compared with those of High Europe. 

IV. Tables of Rivers and Lakes. 



VI. — DRAINAGE OF AFRICA AND AUSTRALIA. 
I. Africa. 

1. Influence of Structure. Africa having, like the Ameri- 
can continents, its axes near opposite shores, has its flowing 
waters combined in the interior of the continent. Five princi- 
pal systems — the Nile, the Niger, the Congo, the Zambesi, and 
the Orange — embrace nearly all the flowing waters of the "con- 
tinent ; and all but the last derive their water wholly from the 
tropical region, between 20° south and 16° north latitude. Each 
is especially connected with one of the primary regions of the 
continental structure. 

2. The Nile, draining the west slope of the main axis, is 
the most characteristic as well as the most celebrated of 
African streams. Its main sources are in great lakes, near 
the equator, from 3,000 to 4,000 feet above the level of the 
sea ; but, in its middle course, it receives the waters of eastern 
Soudan and Abyssinia. This part of the course is charac- 
terized by the famous "Cataracts of the Nile," the last of 
which occurs at Assuan, at the entrance of the stream into 
Egypt. 

Below the Atbara the Nile traverses a rainless district 900 
miles in breadth, within which, in a course of 1,400 miles from 
the Mediterranean, it does not receive a single tributary ; and 
its valley is a narrow belt of verdure in the midst of a burning 
desert. 

The fertility of this narrow valley is due to alluvial soil accumulated during 
the periodic overflows of the river. This wonderful inundation in a rainless 
region, so mysterious to the ancient world, is explained by the fact that, though 
its lower course is in temperate latitudes, all the sources of the Nile lie within 
the region of abundant periodical rains. These fall copiously on the sources 
of the White Nile about the time of the equinoxes, and in Abyssinia a little 
later. 

The Abyssinian rains, being nearer the mouth, cause a first rise, which 
reaches Egypt about the middle of June. This is soon followed, and increased 
to the maximum, by the rising waters of the White Nile ; and in August and 
September the flood is at its height. By the middle of October it begins to 
abate ; in November the water has receded sufficiently to permit the sowing of 
the seed in the fresh mud. In December all the valley is green with growing 
crops, and the harvests follow in quick succession. 

* 

3. Other Systems. The Niger drains the Kong plateau. 
Starting in the west, from the highest portion, it descends suc- 
cessive terraces to the interior depression ; then turning south- 
ward, and reaching the sea through a break in the mountains, 
it forms a delta far surpassing in extent the famous delta of the 
Nile. 

The Congo, draining the equatorial portion of the central de- 
pression, is the Amazon of Africa. It discharges, into the 



Atlantic, a volume of water fully three times that of the Mis- 
sissippi; and its powerful current is perceptible in the sea, 
scores of miles from the mouth. 

The Zambesi drains the southern part of the central depres- 
sion, and enters the Indian Ocean. In its middle course is the 
celebrated Victoria Fall, discovered by Dr. Livingstone, and 
said to rival in majesty and beauty the cataract of Niagara. 

The Orange River drains the extreme southern plateau, in 
which the continental axes meet. Nearly its entire course lies 
through a table-land from 4,000 to 5,000 feet in altitude. 

II. Australia. 

No continent has so few rivers as Australia. The Murray, 
with its great tributaries, the Darling and the Lachlan, forms 
the only river system worthy of the name. Owing to the great 
irregularity of the rains, most other rivers have no permanent 
existence, but are transformed, in seasons of drought, into a 
series of disconnected, shallow pools or lakes. 

III. Table of African and Australian Rivers and Lakes. 
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IT. Conclusion, 

The distribution of river systems shows how closely, in each 
continent, the drainage depends upon the general plan of 
structure. 

Farther, we observe that the Atlantic and Arctic oceans, 
toward which all the long continental slopes are turned (see 
page 42, IX., and map, page 63), receive, either directly or 
through inland seas, three-fourths of all the continental waters, 
including the greatest streams of the globe. The Pacific and 
Indian oceans, covering nearly half of the Earth's surface, 
receive but the remaining fourth; and among these only the 
three streams of Eastern Asia hold the first rank in regard to 
length of course and extent of basin. 



ANALYSIS OF SECTION VI. 



I. Africa. 



1. Intluence op Structure. 

a. Position of axes. 

b. Source and connections of systems. 

2. Nile System. 

a. Region drained by it. 

b. Main sources. Accessions In middle course. 

c. Peculiarities of lower course. 

d. Valley, source of fertility. * 

e. Inundations. Cause. Progress. Termination. 

3. Other African Systems. 

a. Niger. Region drained by it. Coarse. 

b. Congo. Zambesi. 

c. Orange. 



II. Australia. 



a. Comparative number of streams. Principal system. 

b. Character of other streams. 



III. Table of Rivera. 
IV. Conclusion. 



I. — INTRODUCTION. 
I. Sea Water. 

1. Its Composition. The waterof the sea contains in solution 
a large amount of common salt (chloride of sodium), and smaller 
proportions of sulphate and carbonate of lime, magnesia, pot- 
ash, iodine, and some other substances. It is estimated that 
they constitute about one-thirtieth of the entire weight of sea 
water. 

In the open ocean the composition of the water is nearly 
uniform, though about 20° north latitude, and 16° south, there 
is a slightly greater proportion of saline matter than else- 
where. 

Some enclosed arms of the sea, in or near tropical regions — 
like the Mediterranean and the Red Sea — evaporating more 
water than they receive by rivers, and having in consequence a 
constant influx 
of sea water, 

than the ocean. 
Others, like 
the Black and 
Baltic seas, re- 
ceiving more 
water by rivers 
than they evap- 
orate, and dis- 
charging the 
excess into the 
sea, are less salt 
than the ocean. 

2. The tem- 
perahtre of 
the ocean, at 
and near the 
surface, varies 
with the lati- 
tude, from an 
average of 80° 
Fahr. within 
the tropics, to 
near the freez- 
ing point in the polar regions, where ice is to be found in the 
sea at all seasons of the year. 

Below a certain depth, which varies with the latitude, the tem- 
perature is nearly uniform, at from 33£° to 35° Fahr., about equal 
to the average temperature of the surface waters in latitude 60°. 

In lower latitudes, as the climate becomes warmer, this low 
temperature is found at constantly increasing depths ; until, at 
the equator, it is reached only about 10,000 feet below the sur- 
face. Towards the poles, also, where the climate is colder, the 
line of uniform temperature rapidly sinks ; and in latitude 70° 
it is found at the depth of about 4,000 feet. 

Thus it appears that within 60° of the equator the deep waters 
are colder than the surface, while beyond that latitude they are 
warmer. 

The salt of the ocean tends to preserve its liquid condition at 
low temperatures. Sea water freezes only when the tenijiera- 
ture is reduced to 26J°, while the freezing point of fresh water 
is 32° Fahr. 



II. Marine Life. 

The ocean supports an inconceivable variety of animal life. 
Its inhabitants vary in size, from the gigantic whale to animals 
too small to be perceived by the unaided eye ; and in organiza- 
tion, from the mammal to the formless, jelly-like mass, floating 
upon the surface of the water. 

It is, perhaps, not equally rich in vegetable life; but plants in 
great variety, some of which are exceedingly beautiful in form 
and color, are found, both attached to rocks in the shallow 
waters adjacent to the shores, and floating in mid ocean. Im- 
mense fields of sea weed, covering thousands of square miles, 
occur in those portions of the ocean not disturbed by the gen- 
eral currents. The most remarkable of these is the Sargasso 
Sea, near the Tropic of Cancer in the Atlantic Ocean. 

III. Bottom of the Sea. 

The bottom of the sea, as far as known, is less irregular than 
the surface of 

the continents, 
but its varia- 
tions of level 
are on a much 
grander scale. 
It is convex, 
like the sur- 
face of the sea, 
being a vast 
area of the 
Earth's crust 
slightly de- 
pressed below 
the regular 
curve of the 
sphere ; while 
the continents 
are smaller 
areas, elevated 
somewhat 
above this 
curve. 

On these de- 
i mobthsbn si*> • pressions, the 

waters, origi- 
nally covering the entire surface of the sphere, have collected, 
in obedience to the law of gravity, filling up the irregularities 
in the spherical outline, and forming the oceans. 

This convexity of the sea bottom is clearly illustrated by the Sections of tit 
Atlantic Basin, page 00. 

ANALYSIS OF SECTION I. 

1. Its Composition. 

h. Subaumcea In solution. 






II. Marine TJfe. 



III. Bottom of Boa. 

b. KebUon to «phert™l\>m1Iiie. 

c. Why covered with nMen of globe. 
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II.— THE OCEANS. 
I. The Basins of the Oceans. 

1. Their Separation. The waters of the sea are separated 
by the lands into three great oceans, which are the counterparts 
of the land masses. The Pacific, the Atlantic, and the Indian 
Ocean, correspond to three pairs of continents in which the 
lands are grouped (see p. 21, II.), and separate them one from 
another. 

The Atlantic and the Pacific are subdivided, each having a 
northern and a southern basin, corresponding to the northern 
and the southern continents. The Indian Ocean has only a 
southern basin ; but the vast depression between Asia and 
Europe, in the bottom of which lie the Caspian and Aral seas, 
may be considered as, in a certain sense, its complement. 

The Arctic Ocean is properly a continuation of the Atlantic ; 
but, surrounded as it is by the coasts of the three northern con- 
tinents, it has a physiognomy of its own. The Antarctic, also, 
is not properly a separate ocean, but is the common centre from 
which the three great basins radiate. 

2. Their Forms and Sizes. Each of the three great oceans 
is broadest at the south, and gradually narrows towards the 
north ; hence their general figure is the opposite of that of the 
continental masses. 

The Pacific is oval in outline, and broadly open at the south ; 
but it is nearly closed at the north, the opposite shores conver- 
ging so that the narrow passage of Behring Straits connects this 
ocean with the Arctic. 

This vast basin contains more than half of the waters of the 
entire sea. Its extent, its compact form, and the direction of its 
greatest elongation from southeast to northwest, makes it the 
counterpart of Asia-Europe, the dominant mass of the Old 
World. 

The Atlantic basin, which has only about one-half the area of 
the Pacific, has been likened by Humboldt to a long valley, with 
approximately parallel sides. This is the only basin widely open 
at the north ; and, stretching from pole to pole, it forms the 
only complete channel for the interchange of polar and equa- 
torial waters. By its narrow, slender form, and its direction 
from north to south, it forms the counterpart of the New World. 

The Indian Ocean, which has a triangular outline, has no com- 
munication with the northern waters. It finds its counterpart 
in Africa, like itself compact in outline, and almost destitute of 
projecting members. 

3. Their Branches. The three great ocean basins differ in 
regard to the position and character of the branches, by which 
the coasts of the continents are indented, each being distin- 
guished by a particular class of coast waters. 

Coast waters may be classified, according to their form and their 
position in respect to the adjacent lands, as inland seas, border 
seas, and gulfs or bays. 

The first lie within the general figure of the continent, being 
enclosed by peninsulas, as the Baltic Sea ; or between adjacent 
continents, as the Mediterranean and Red seas. (See map, 
pages 28, 29.) 

The second lie without the continental figure^ and are sepa- 
rated from the main ocean by islands, as the Caribbean Sea. 
The third are simple bends in the coast line, without separation 
from the ocean basin, as the Gulf of Bengal. 

The Atlantic is the most branching of the oceans. It has all 
the forms of coast waters just described, but is especially dis- 
tinguished by the number and great size of its inland seas. Two 



of these, the Mediterranean Sea and the Gulf of Mexico, lie 
in the waim regions; and two, Hudson Bay and the Baltic Sea, 
in colder latitudes. 

The broader seas are represented by the Carilbean Sea, within 
the tropics and the Gulf of St. Lawrence and the North Sea 
in temperate latitudes. The Gulf of Guinea, and the Bay of 
Biscay, are examples of the third class of coast waters in the 
Atlantic. 

The Pacific is particularly rich in vast border seas, a continu- 
ous series uf which lines the Asiatic and Australian coasts. 
Among these are the Behring Sea, enclosed by the peninsula cf 
Alaska and the Aleutian Islands; Okhotsk Sea, enclosed by 
Kamchatka and the Kurile Islands ; the Sea of Japan, and the 
North and South China seas ; and the Arafura, Coral, and New 
Zealand seas, on the Australian Coast. 

Only two inland seas of considerable size — the Gulf of Cali- 
fornia in North America, and the Yellow Sea in Asia — mark 
this entire basin. 

The Indian Ocean is characterized by gulfs, two of which 
form the entire extension of the basin ; namely, the Gulf of 
Bengal, and the Arabian Sea. It has also two inland seas of 
considerable extent, the Red Sea and the Persian Gulf, isolating 
the peninsula of Arabia from the adjacent continents; but 
border seas are wholly wanting in the Indian Ocean. 

4. Their Islands. The Pacific is far richer than the other 
oceans in both continental and oceanic islands. The most ex- 
tensive contirftntal archipelago on the globe is formed by the 
multitude of islands lying between Asia and Australia. Suc- 
cessive series of continental islands skirt the entire eastern 
coast of Asia and Australia ; and nowhere is found a. parallel 
to the multitude of oceanic islands which are spread over the 
central portions of this basin. (See Map, page 18.) 

The Atlantic possesses — in the Antilles, the British Isles, and 
the islands of the Mediterranean — continental archipelagoes of 
great importance ; but its oceanic islands are limited to the 
groups of the Bermuda, Azores, Madeira, Canary, and Cape Verd 
Islands, with St. Helena and a few other isolated volcanic islands. 

The Indian Ocean has comparatively few islands of either 
class. Madagascar, Ceylon, and Socotora, represent the conti- 
nental islands ; the Laccadives and Maldives, with here and there 
a few volcanic islands, as Bourbon and Mauritius, make up the 
oceanic. 

II. The Beds of the Ocean. 

1. Extent of our Knowledge. Little is known, in detail, 
in regard to the conformation of the bottom of the sea. But 
numerous soundings, both in shallow shore waters and in the 
deep sea, have given us an approximate idea of the nature of 
the beds of the Atlantic Ocean, the Mediterranean Sea, the 
Indian Ocean, and the Red Sea. 

2. The Atlantic Bed. The Atlantic basin is, in general, 
deeper on the side of the New World. The deepest portions, 
so far as known, form a great trough, in three parts, which are 
severally parallel to the eastern shore of North America and the 
northern and eastern shores of South America. 

The bed of the North Atlantic seems to consist of two parallel 
valleys — the western about 18,000 feet in average depth, the 
eastern about 13,000 — separated by a swell less than 10,000 feet 
deep. (See Fig. 25.) Both valleys become less deep towards 
the north, but are still distinguishable in the so-called "Tele- 
graph Plateau," between Newfoundland and Ireland. (See 
Fig. 2G.) 
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In the latitude of Iceland, whose volcanic mass rises from the 
northern terminus of the dividing swell, the eastern valley is 
obliterated, the depth of the sea between this island and the 
European shore scarcely averaging 1,500 feet. The western 
valley preserves a depth of 8,000 or 9,000 feet as far as Green- 
land, where it divides, its two branches extending to the Arctic, 
on opposite sides of Greenland. 

The accompanying profiles show, in fathoms, the depths of the Atlantic in 
equatorial regions (Fig. 25), where the dividing swell is distinctly perceptible; and 
along the line of the survey for the first Atlantic cable (Fig. 26), where, though 
less apparent, it still exists. 

Near the- continents the sea is often shallow, the bottom seem- 
ing to be only an extension, by gentle slopes, of the adjacent 
lands. 

Along the American shores, in the latitude of New York, the 
depth, for a dis- 
tance of more *»*•*»*»■ 
than 100 miles, is 
less than 600 feet; 
then suddenly the 
bed descends, by 
a steep slope, to 
the depth of 6,000 

or 9,000 feet. After a comparatively narrow interval, a second 
terrace descends to the main basin, from 15,000 to 18,000 feet 
deep. 

These regular variations of level, and the absence^>f any oceanic 
islands other than the volcanic and coral islands, disprove the 
idea, often advanced, that the bed of the oceans is like the 
surface of a submerged continent, covered with mountain chains 
and valle3 r s. It seems far more uniform, extensive plains and 
huge table-lands being its predominating features. Mountain 
chains are found only near the continents, as parts of the con- 
tinental! structure ; and, when reaching above the surface of the 
sea, they form chains of continental islands. 

3. The Pacific and Indian Oceans. The Indian Ocean, 
— according to soundings made in laying telegraphic cables, from 
Aden to Bombay, 




FIG. 25. SECTION OP THE ATLANTIC BASIN FROM CAPS 8T. ROQUE, BRAZIL, TO CAPE PALMAS, WESTERN AFRICA. 



Newfoundland. 




FIG. 25. 



SECTION OF THE ATLANTIC BASIN FROM NEWFOUNDLAND TO VALENTIA 1 8 LAND, ON THE LINE OF THE TELEGRAPH 

CABLES. 



and from Madras 
to the Malay pe- 
ninsula, — is quite 
similar to the At- 
lantic in the gen- 
eral features of its 
bed. 

A regular val- 
ley, having an average depth of 12,000 feet, lies between Africa 
and India, its eastern margin being about 200 miles from Bom- 
bay, whence a submarine plateau, but a few hundred feet deep, 
extends to the peninsula. 

East of India is a similar valley from 12,000 to 14,000 feet 
deep. It terminates, near the shores of Sumatra, in a subma- 
rine plateau, less than 250 feet below the surface, which forms 
the base of the islands in the great Indian Archipelago, between 
Asia and Australia. 

The chain of coral islands, — the Laccadives, the Maldives, 
and the Chagos Archipelago (see map, page 18), — extending 
southward through the central part of the Indian Ocean, seems 
to indicate the presence of a submarine dividing ridge in this 
basin, similar to that separating the two valleys of the Atlantic. 

Occasional soundings in the southwestern part of this ocean, 
indicate depths equal to the maximum in the Atlantic basin. 



The bed of the Pacific is much less known than that of the 
Atlantic and Indian oceans. In the absence of soundings, of 
which few have been made, its average depth has been calculated 
from the velocity of the tide-wave and earthquake waves crest- 
ing it, which depends upon the depth of the basin in which the 
waves move. 

Prof. Bache, late Superintendent of the United States Coast 
Survey, estimates, in this way, the depth between Japan and 
California at from 12,000 to 14,000 feet. A calculation by Prof. 
Hochstetter, based on the movement of the waves raised by the 
great earthquake of 1868, gives 11,500 feet as the depth of the 
sea between the South American coast and the Chatham Islands, 
east of New Zealand. The central part of the South Pacific 
basin, however, is probably much deeper than this. 

4. Inland and Border Seas. These enclosed basins belong 

to the structure 

length, 1700 roiled mile.. Cpe PUma* of the continent ^ 

rather than to the 
oceans. All are 
of slight depth, 
except those ly- 
ing within the 
transverse zone 
of fracture ; x and even those are shallow in comparison with 
the great basins with which they are connected, as is apparent 
from the depths given below. 

The Gulf of Mexico is from 5,000 to 7,000 feet in depth. The deepest part of 
the Caribbean Sea, on a line connecting Porto Rico and Costa Rica, averages 
7,000 feet, and near the latter it reaches a depth of 14,000; but the ocean, imme- 
diately outside of the Lesser Antilles, is more than 18,000 feet deep. 

The Mediterranean is divided into two basins, by a rocky isthmus, from 50 to 
500 feet below the surface, lying between Sicily and Cape Bon, in Africa. The 
western basin is over 9,000 feet in depth, and comparatively uniform; while the 
eastern is more irregular, varying from 0,000 near the centre, to 13,000 feet, south 
of the Ionian Islands. The Red Sea has an irregular bottom, with an average 
depth of 3,000 feet, but in some places it reaches 6,000. 

The Baltic Sea, being a simple depression in the great European plain, is but 
a few hundred feet deep. In the North Sea, the depth averages 300 feet, and 
rarely exceeds 600. The continent is here prolonged in the form of a submarine 
plain, whose highest portions form the British Isles. (See page 38.) 

The Border Seas of 
Asia, lying within the 
chain of continental 
islands, are only a few 
hundred feet in depth, 
while immediately 
without those islands, 
abrupt slopes descend 
to the great depths of 
the Pacific basin. 



Length, 1670 nautical milef. 



Valentia, Ireland. 



5. The GREAT- 
EST depths thus far found in the ocean basins have been re- 
ported from the South Atlantic. Captain James Ross reports 
a sounding, west of St. Helena, of 27,000 feet, without touching 
bottom. Captain Denham and Captain Parker report, sever- 
ally, 46,000 and 50,000 feet, west of the island of Tristan da 
Cufiha; but, owing to the difficulty of obtaining accurate sound- 
ings in great depths, these figures can hardly be accepted as 
conclusive. 

Observations thus far made justify the conclusion that the 
greatest depths of the sea are from 25,000 to 30,000 feet, about 
equivalent to the greatest heights upon the continents. 

But, rightly to understand the magnitude of these features of 
relief, it must be remembered that mountain tops are but iso- 
lated points, much above the general level of the mass of the 

1 See page 21, Topic II., 3. 
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emerged lands; while the greatest depths of the oceans are, 
doubtless, common to extensive surfaces, which are the counter- 
parts of the continental plains of the table-lands. 

ANALYSIS OF SECTION II. 

I. Ocean Basins. 

1. Their Separation. 

a. Three great basins. 

Pacific, Atlantic, Indian. 

b. Arctic basin. 

c. Antarctic basin. 

2. Form and Size. 

a. Common feature. 

b. Pacific basin. 

Form. Amount of water. 
Resemblance to Old World. 

c. Atlantic basin. 

Form. Extent. 
Resemblance to New World. 

d. Basin of Indian Ocean. 

3. Extensions on Continental, Coasts. 

a. How classified. 

Inland seas. 
Border seas. 
Gulfs and bays. 

b. Atlantic. 

Characteristic coast jnsins. 
Other forms of coast basins. 

c. Pacific. 

d. Indian. 

4. Islands. 

a. Pacific. Relative number. Examples. 

b. Atlantic. Relative number. Examples. 

c. Indian. Relative number. Examples. 

II. Ocean Beds. 

1. Extent of our Knowledge or them. 

2. Atlantic Bed. 

a. Of what consisting. 

Depth of valleys and dividing swell. 
Change of level northward. 

b. Depth of shores and successive terraces. 

c. Conclusion from observed variations of bed. 

3. Beds of Indian and Pacific Oceans. 

a. Indian Ocean. 

Resemblance to Atlantic bed. 
Bed between Africa and India. 
Bed east of India. 
Other parts of bed. 

b. Pacific bed. 

Mode of ascertaining its depth. 
Results of calculations. 

4. Inland and Border Seas. 

a. General character as to depth. 

b. Gulf of Mexico and Caribbean Sea. 

c. Mediterranean. Red Sea. 

d. Baltic. 

e. North Sea. 

f. Border seas of Asia. 

5. Greatest Ocean Depths. 

a. Where supposed to be. 

b. Depths reported. 

c. Reported figures to be regarded how. 



III. — WAVES AND TIDES. 

I. Oceanic Movements. 

The waters of the sea are subject to various kinds of motion, 
due both to atmospheric and astronomical causes. Chief among 
them are waves, tides, and marine currents. 

II. Waves. 

Waves are the alternate rise and fall of successive ridges of 
water. They result from a disturbance of the equilibrium of 
the surface waters, by the action of the wind, and affect the 
sea only to a moderate depth. 

Waves vary in height, extent, and rapidity of progress, accord- 
ing to the force of the wind, the depth of the water, and the 
extent of the basin in which they occur. They are much larger, 
and advance more rapidly, in the open sea than in inland basins. 

The advance of the wave is the communication of the wave 
movement to successive portions of the sea ; and not, to any 



considerable extent, except in shallows, an onward movement 
of the water itself. Thus a body floating upon the surface of 
the sea may be seen repeatedly rising and falling with the 
waves, with but a slight change of position. 

When waves, advancing towards the shore, reach the shal- 
lows, the motion is retarded at the bottom by friction ; and the 
top, moving on without support, curls over and breaks in foam 
upon the beach ; or, in very shallow seas, it may break at a 
considerable distance from the shore. 

After the wind, which disturbed the surface, has subsided, 
the water continues to undulate with a gentle motion, called 
the swell. This seldom ceases entirely before a fresh storm 
arouses the waves anew. 

III. Tides. 

1. Tides are movements similar in character to waves, but 
differing in their cause, extent, and the regularity of their 
occurrence. 

Tides are caused by the action of the Sun and Moon upon 
the Earth; they affect, therefore, the ocean to its greatest 
depths, and throughout its entire extent ; and they occur with 
unvarying regularity, the water, in every part of the ocean, 
rising and falling alternately through periods of about six 

LOW WATER. 




MOON. 




LOW WATER. 

FIG. 27. PRODUCTION OP TIDAL WAVB. 



hours each. Each period is followed by an interval of a few 
moments, during which the water remains at the level it has 
just attained. 

The period of rising water is called flood tide, that of reced- 
ing water, ebb tide. The level attained at the close of flood tide 
is called high water, or high tide ; and that at the close of ebb 
tide, low water. The interval between two consecutive high 
tides or low tides is twelve hours and twenty-six minutes; 
hence high water, or low water, occurs about fifty-two minutes 
later each successive day. 

2. Mode of Production of Tides. The Moon, notwith- 
standing its smaller mass, has, on account of its greater nearness 
to the Earth, an influence in the production of the tides which 
is more than double that of the Sun (as 100 to 30). The solar 
tides, being so much less marked, and chiefly merged in or 
overpowered by the lunar tides, are of secondary importance. 
The phenomena of the tides must, therefore, be explained 
mainly by reference to the latter. 

Tidal Waves. The Moon attracts both the land and the sea; 
but the particles of the latter being free to move, the waters 
are drawn towards the attracting body; and, where its influ- 
ence is most powerful, are lifted up above the normal curve of 
the surface of the sea. 

Thus is formed a vast swell, or tide wave, upon the hemisphere 
turned towards the Moon. The flowing of the more distant 
waters towards the crest of this wave, causes, on each side of 
it, a depression of the surface, or low water, which occurs 
about 90° from the line of high water. (See Fig. 27.) 
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On the opposite side of the Earth the equilibrium of the sea 
is equally disturbed, and the same cause produces a second 
wave, the formation of which is explained as follows: the 
waters most distant from the attracting body being least affects 
ed by it, their weight is somewhat lessened, and they are less 
attracted towards the centre of the Earth than those on the 
sides. To restore the equilibrium, the waters on the sides, 
which exert a greater pressure, tend to move towards the region 
of least attraction ; and their accumulation there raises the sur- 
face of the sea slightly above its normal level, producing the 
second, or counter wave. 

Two areas of Ugh water, 
therefore, occur simulta- 
neously upon the Earth, 
180° distant from each 
other, the one under the JJJjJl' £ \ 

Moon, and the other on the 
opposite side of the globe. TIO _ w _ BP 

Two areas of low water 
occur at the same time, midway between those of high water. 
Owing to the rotation of the Earth upon its axis, bringing all 
longitudes successively under and opposite that Moon, this 
permanent system of waves and troughs travels from east to 
west over every part of the sea. This occasions the regular 
succession of rising and falling waters, at equal intervals of 
time, occurring along all coasts, and known to us as the tides. 

3. Sfsisq Tides. The attraction of the Sun causes a similar, though less 
strongly marked, system of four daily tides. As the relative positions of the 
Earth, the Sun, and the Moon are constantly 
changing, the solar and lunar tides do not 
usually coincide. Twice a month, however, at 
new and full Moon, the three bodies are in a 
line (as shown in Fig. 28). 

At these periods, the Sun and Moon act 
together; and an unusually high water Is pro- 
duced which is the sum of the solar and the 
lunar high tide. This Is called the xpring tide. 
Low water at this period is correspondingly 
lower than at any other, as high water Is 
higher. 

At the first and third quarters of the Moon, 
the three bodies are so situated relatively to 
one another (see Fig. 29), that the attractive 
power of the Sun upon the Earth is exerted 
at right angles to that of the Moon, thus dimin- 
ishing the effect of the latter. High water Is 
then below, and low water above, its ordinary 
level. These are the neap tides. 

The highest tides occur when the luminaries 
are nearest, and pass most nearly vertically on 
the place of observation. The highest of the 
spring tides occur in March, some time before 
the vernal, and in September, some time after 
the autumnal equinox, when the Sun, being n». !»■ n 

vertical at the Equator, and the Moon nearest 

to the Earth, the equatorial, parent wave is highest. Thus the tides have daily, 
monthly, and annual periods. 

IT. Coarse of Tidal Wares. 

1. Introduction. If the ocean covered the whole Earth 
with a uniform depth of water, the tidal waves, with their long 
crests extending from north to south, would follow the apparent 
course of the Moon, passing from east to west entirely around 
the globe. They would be highest in the equatorial regions, 
and would there move with the velocity of more than 1,000 
miles an hour. 

The continents, which divide the sea into three great basins, 
oppose the passage of the tidal wave, and it is subjected to 
great modifications in each ocean. 



The velocity with which the wave advances depends upon the 
size and form of the ocean in which it moves, the depth of 
the water, and the absence of obstacles to its progress. The 
southern half of the Pacific presents the most favorable condi- 
tions; and there is formed what might be called the parent 
tidal wave, which, entering the Indian and Atlantic oceans, 
seems to control their tides. 
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The Map of Co-tidal Lines, or simultaneous tides, on page 63, shows the 
successive positions and directions of the crest of the tidal wave, at intervals 
of one hour. Each line passes through places having high water at the same 
hour, the hours being marked 
on the lines In Roman numerals. 
The more rapidly and regularly 
the wave advances, the farther 
apart and more nearly parallel ire 

9^>aai / -h aw- the co-tidal lines which exhibit 

^■^L^ ^"* ^P its position at successive hours. 

& -- 

2. Tidal Wave op 

uao thus. the Pacific. The Par- 

ent wave, which originates 
in the central and southern Pacific, moves on most swiftly in 
the broad, deep, and unobstructed basin lying south of the 
Tropic of Capricorn. There, also, it preserves its normal direc- 
tion westward, and its crest extends nearly north and south. 

In the equatorial Pacific its progress is obstructed by the 
numerous oceanic islands; and, reaching the shallow seas of the 
great Indian Archipelago (see page 60, Topic III.), it becomes 
exceedingly slow and irregular. (See Map of Co-tidal Linei.) 
In the northeastern portion of this basin, the tidal wave is de- 
flected northward and eastward. The 
deflected wave strikes the American 
shores, between California and Alas- 
ka, at the same hours at which tht 
direct wave strikes the Asiatic shores, 
between Kamchatka and Japan. A 
reflected wave also starte in the longi- 

O tude of the Galapagos Islands; and, 
advancing eastward and southward 
along the South American coasts, it 
meets the tide wave from the south 
Atlantic at Cape Horn. 



Not! . — The w-t Idal Una* in numbered from 1. v> 
XII. Inclmlve, oorrcapoodlng with the dlvUlom of tht 
dial- By observing the numbers □□ the Huh., is atvm 
place*, one learns Uie number of hours reqnlred iaribt 
vive to pin from the one to Ibe other. For eiunpfe, 
the line U the Sandwich Islandi la numbered II., ullk 
that «l Sitka, on ths American cowl, In X. Thia ibon 
tap tidsb. that the latter place hai high tide eight honra later thai 

the former. 

What part of the North American coast has high water at the same hour with 
the Sandwich Islands 1 How many hours between high water at the Sandwich 
Islands anil at New Zealand ? (Bee note above.) How much of the American 
count has high water at the same hour with San Francisco ? 

How long is the tidal wave In pawing from the southern point of Kamchatka to 
the sontbern point of the Japan Islands 1 How long is the tidal wave in passing 
from the Galapagos Islands, across the Pacific, to Kamchatka and New Zealand? 

How long from the Oalapagos Islands to the southern extremity of South Ameri- 
ca ? How long from the Sandwich Islands northward to the southern coast of Alaska? 

In what direction does the tidal wave advance through the middle and northern 
part of the Atlantic Ocean 1 What places have high tide at the same hour with 
Rio Janeiro ? 

How long to the tidal wave in passing from Rio Janeiro to Cape Kium ? 

What portions of the North American coast have high tide at the same hour 
with New York ? 

How long is the tidal wave in passing from New Zealand, through Ihe Indian 
and Atlantic Oceans, to Iceland ? How long In passing from New Zealand to 
Muscat, in Arabia? 

What direction does the tidal wave take in the eastern half of the Indian Ocean? 
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8. Tides of the Indian and Atlantic Oceans. The tides 
of the Indian and Atlantic oceans seem to be either overpowered 
by, or merged into, the great wave generated in the south Pacific. 

This wave advances rapidly through the deep waters of these 
basins ; but it is greatly retarded in the northern portions of 
the Indian Ocean. Muscat, near the northern extremity of the 
Arabian Sea, has high water at the same hour as Rio Janeiro on 
the western shores of the Atlantic. 

In the middle and south Atlantic the tide wave advances north- 
westward ; in the northern part it moves towards the northeast, 
following, in both cases, 
the direction of the nar- 
row ocean basin. 

The course of the tidal 
wave on the coast of the Brit- 
ish Isles, illustrates forcibly 
its retardation in shallow and 
narrow arms of the sea. 

The main wave of the north 
Atlantic advances from Brest, 
on the western coast of France, 
to Bergen, on the coast of 
Norway, in four hours. The 
branch entering the English 
Channel has, during the same 
time, only reached Southamp- 
ton, and that in the Irish Sea 
has arrived at Dublin. 

•The main wave, entering 
the North Sea from the north, 
descends slowly along the 
coasts of Scotland and Eng- 
land; and finally meets the 
branch from the Channel, 
which, having passed the 
Strait of Dover, advances 
along the coasts of Holland 
and Germany. (See Fig. 30.) 

V. Height of Tides. 

1. Variations in 
Level. The height of 
the tide depends on lo- 
cal circumstances. In 

the midst of the Pacific it is scarcely more than two feet, which 
may be considered its normal level. But when dashing against 
the land, or forced into deep gulfs and estuaries, the accumu- 
lating tide waters sometimes reach a great height. 

On the eastern coast of North America, the average rise of the 
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tide is from nine to twelve feet. At the entrance to the Bay 
of Fundy, however, it rises eighteen feet, while at the head of 
that bay it reaches 60, and in the highest spring tides, even 70 
feet. At Bristol, in England, the spring tides rise to 40 feet; 
and at St. Malo, on the south coast of the English Channel, 
they reach 50 feet. 

2. Effects. Differences in level, produced by high tides, 
cause currents which vary in force and direction with the condi- 
tion of the tide, producing, in some cases, dangerous whirlpools. 
The famous Maelstrom, off the coast of Norway, is but a tidal 

current, which rushes 
with great violence be- 
tween two of the Lo- 
foden Islands, causing a 
whirling motion in the 
water which is reversed 
at each ebb and flow of 
the tide. 

Such is, also, the fa- 
mous whirlpool of Cha- 
rybdis, in the Strait of 
Messina, and many oth- 
ers of less note. The 
powerful currents of 
Hell Grate, in the pas- 
sage from Long Island 
Sound to New York 
Bay, are due to a similar 
cause, high water occur- 
ring at different hours 
in the bay and in the 
west end of the sound. 
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FIG. SO. CO-TIDAL LINKS OF BRITISH ISLES. 



1. Bobs. In estuaries into 
which great rivers flow, the 
resistance offered by the cur- 
rent of the stream to the en- 
trance of the tide, produces a 
huge wave called the Bm, 
which, like a moving wall of 
water, advances with great 
rapidity and a deep roaring 
noise up the stream to the limit of tide water. The Hoogly, a mouth of the 
Ganges, the Tsien-tang in China, and the Amazon, afford the most remarkable 
examples of this phenomenon. The bore of the Tsien-tang rises thirty feet in 
height, and travels at the rate of twenty-five miles an hour. In the Amazon 
five bores, each about fifteen feet in height, may sometimes be seen rushing np 
the river one after the other within the space of 200 miles. 



ANALYSIS OF SECTION III. 

I. Oceanic Movements. 

a. Causes of movement in sea water. 

b. Classes of movements. 



II. Waves. 



a. Description of wave movement. 

b. Cause. Variation in waves, 
e. Advance of waves. Swell. 



III. Tides. 



1. Phenomenon Described. 

a. Kind of motion. 

b. Difference between tides and waves. 

c. Periods of tide. Flood. Ebb. High water. Low 

water. 

d. Interval between two consecutive high tides. 

e. Hour of high water on successive days. 

2. Mode of Production of Tides. 

a. Comparative influence of Moon and Sun. 

b. Production of tidal wave under Moon. 

c. Production of tidal wave on opposite side of globe. 

d. Areas of simultaneous high water. 

e. Areas of simultaneous low water. 

f. Advance of tidal system around globe. 
8. 8prino Tides and Neap Tides. 

a. Want of coincidence in lunar and solar tides. 



b. Spring tides, when and how formed, Ugh water, low 

water. 

c. Neap tides, when, how formed, high water, low water. 

d. Highest spring tides. Lowest neap tides. 

IV. Course of Tidal Wave. 

1. Introduction. 

s. Course in case a uniform ocean covered the globe. 

b. Influence of continents on course. 

c. Regularity and velocity of motion. 

* d. Explanation of map of co-tidal lines. 

2. Tidal Wave of Pacific. 

a. Course of parent or primary tide wave. 

b. Tidal wave in equatorial Pacific. 

8. Tidal Wave of Indian and Atlantic Oceans. 

a. Relation to Pacific tide wave. 

b. Progress in deep waters. 

c. Retardation. 

d. Course around British Isles. 

V. Height of Tide. 

1. Variations of Level. 

a. Height depends on what. 

b. Normal level. 

c. High water on North American coast. Exceptions. 

d. Spring tides in Bristol and English Channel. 

2. Results of Differences of Level. 
8. Bore — bow formed. Examples. 
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IV— MARINE CURRENTS. 
I. General Circulation. 

1. The Ocean Currents are vast rivers in the sea, which 
move on steadily through water comparatively at rest, and are 
often different from the latter in color and temperature. Some 
are hundred? of miles broad, thousands of feet deep, and have 
a course embracing the larger part of the ocean in which they 
move. Currents exist, not only at the surface, but in the deep 
waters, where their course is frequently in a different direction 
from, sometimes even opposite to, that of the surface currents. 

2. Equatorial Currents. Within and near the tropics 
the waters, under the influence of the constant trade winds (see 
page 77, Topic III.), advance westward around the globe, form- 
ing a vast Equatorial Current 50° or more in breadth. 

Reaching the eastern shores of the continents in each ocean, 
this great current divides, one part turning northward and the 
other southward. Advancing towards the poles, these branches 
swerve gradually eastward ; and, reaching the middle latitudes, 
they cross the ocean, striking the western shores of the conti- 
nents. Finally, a part at least of the water returns to the 
equatorial regions, while the remainder continues its course 
towards the poles. 

Thus is formed, on each side of the equator, a vast elliptical cir- 
cuit of moving waters, occupying the entire breadth of the ocean 
basins, and extending over the tropical and middle latitudes. In 
the centre is a broad expanse of quiet water, which is covered, to a 
large extent, with sea-weed, forming the so-called Sargasso Seas. 

The main causes of these vast movements in the ocean are 
found in the winds, the excessive evaporation within the tropics 
which tends to lower the level of the water there, and the differ- 
ing temperatures of polar and equatorial regions. The cold 
waters of the higher latitudes, being heavier, tend constantly to 
flow into the warmer waters of the equatorial seas; and the 
latter, being displaced by the former, flow away as surface cur- 
rents towards the poles. 

3. Two series of currents, of opposite character, pervade 
the sea in high latitudes, — the cold, flowing from the polar 
regions towards the equatorial ; and the warm, flowing in the 
opposite direction. 

In the middle latitudes, where the opposing currents meet, the 
cold, being heavier, sink beneath the warm, and disappear, con- 
tinuing their course in the deep waters. These under-currents, 
having reached the inter-tropical seas, gradually rise again to the 
surface, where they become heated ; and, contributing their 
waters to the great equatorial current, which flows westward on 
each side of the equator, they finally return towards the poles. 

Hence the general currents of the sea are of three classes : 
the Polar, the Equatorial, and the Return Currents. 

4. Direction. The Polar and Return Currents, were they acted 
upon by no external force, would move in the line of the meridi- 
ans, taking the shortest course between the poles and the equator. 

Both are, however, deflected from this course by the unceasing 
action of the Earth's rotation, — the Polar Currents, as they 
advance, tending more and more towards the west, and the 
Return Currents towards the east ; and their directions are still 
farther modified by the forms of the basins of the several oceans, 
and the influence of the prevailing winds in the different zones. 

Since the Earth performs one entire rotation on its axis every twenty-four 
hours, the Telocity of rotation at the equator must be somewhat more than 1,000 
miles an hour. As each successive parallel has a less circumference than the 
preceding, the velocity of rotation diminishes with increasing latitude, until at 
the poles it is null. 



If, therefore, particles off water, or of air, move from the polar regions towards 
the equator, each step in advance will bring them upon parallels where the rota- 
tion is more and more rapid. The new velocity cannot be instantaneously 
acquired; consequently, at each successive parallel, the moving particles are left 
a little behind, or to the west of their previous position ; and when they reach 
the tropics they are many degrees west of the meridians upon which they left 
the polar regions. 

A similar cause operates to give the Return Currents their eastward tendency. 
The particles moving towards the poles find, at each successive parallel, a rotary 
velocity less than at the preceding. Not acquiring the new and less rapid motion 
instantaneously, they gain a little at each parallel, and find themselves slightly 
in advance, or to the east of their former position. 

This deflection from a direct north and south course, which appears in the 
atmospheric as well as in the oceanic currents (see page 76, Topic 3), is, there- 
fore, the result of a change of latitude of the moving particles. Were they to 
remain upon any given parallel, their westward, or eastward, motion would 
cease; for the solid globe, the waters, and the atmosphere, all rotate together, in 
obedience to the same laws. 

In the northern hemisphere, the Polar and the Return Currents 
both preserve their normal course, the former flowing towards the 
southwest, the latter towards the northeast. In the southern 
hemisphere, the westerly winds which prevail beyond the tropics, 
and sweep, without interruption, over the broad expanse of the 
southern sea, turn the Polar Current out of its normal, north- 
westerly course, directing it towards the northeast. (See map, 
page 66.) 



II. Currents of the Pacific. 

1. The Great Equatorial Current of this ocean occupies 
the entire breadth of the torrid zone, and consists of two parts, 
a north and a south current, which are separated by a narrow 
counter current, moving slowly eastward, in the immediate 
vicinity of the equatpr. Both branches begin near the Ameri- 
can shores, and advance westward at a nearly uniform rate of 
two or three miles an hour. 

The South Equatorial Current, starting from the South Ameri- 
can coast, off Punta Parina, moves on uninterruptedly across the 
eastern half of the ocean ; but it is broken up in the western 
part, where its path is obstructed by innumerable islands. The 
northern portions are lost among the numerous channels of the 
Indian Archipelago. The southern portions turn southward, 
forming the New Zealand and Australian Currents ; and finally, 
meeting the Antarctic Current, they return eastward with it. 

The North Equatorial Current, flowing through an unob- 
structed basin, advances unbroken to the Philippine Islands where 
it divides, the southern portion entering the Indian Archipelago. 

2. Return Current. The principal part of the North 
Equatorial Current turns northward, forming the warm and 
powerful Japanese Current, called by the natives the Kuro Sivo, 
or Black Water, on account of its dark-blue color. This is the 
Return Current of the north Pacific, analogous to the Gulf 
Stream in the north Atlantic. South of the Aleutian Islands it 
is deflected from its northward course, and crosses the ocean. 
Returning along the American shores to the Tropic of Cancer, 
it chiefly re-enters the North Equatorial Current. A small 
branch of the Kuro Sivo continues along the Asiatic coast to 
Behring Strait. 

3. Polar Currents are nearly wanting in the north Pacific ; 
for the narrow and shallow passage of Behring Strait, connect- 
ing it with the Arctic Ocean, does not permit the free egress of 
the polar waters. Yet a small current, in each direction, passes 
through the strait, the warm one on the eastern shore, towards 
the north, the cold one on the western, towards the south. 

In the south Pacific, on the contrary, the polar waters advance 
northward in the form of the broad Antarctic Drift Current. 
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QUESTIONS ON THE MARINE CURRENTS. 



I. Pacific Ocean. 

Where does the South Equatorial Current commence ? 

In what longitude does It first divide ? 

What shores are bathed by the southern branches of this current ? 

What islands bathed by its northern branches ? 

What is the position of the counter current in regard to the Equator ? 

What are the eastern and western limits of this current ? 

In what longitude does the North Equatorial Current commence ? 

How does this current compare in breadth with the South Equatorial ? 

What name has the return current of the North Pacific in the western half of 
its course ? 

Where is the Kuro Sivo first apparent ? 

What shores are bathed by this current ? 

Near what islands does the Kuro Sivo divide P 

Whither does the smaller branch go ? 

What name is given to the greater branch of the Kuro Sivo ? 

Describe the course of the North Pacific Current. 

What seems to be the most desirable route for vessels from California to China ? 

From China or Japan to California ? Why ? 

What current on the western coasts of South America ? 

Whence is this current derived ? 

Whither does it go ? 

What is the direction of the current east of northern Australia ? 

What is the direction of the East Australian Current ? 

Whence are these two currents derived ? 

What is the direction of the current east of New Zealand, and whither does 
it go? 

Whence come the currents on the west coast of North America ? 

Whence are all the currents on the west coast of South America derived ? 

What is their probable effect upon the climate ? Why ? 

Name the principal cold currents of the Pacific. 

The warm currents. 

II. Atlantic Ocean* 

Trace the water of this ocean, from the Cape of Good Hope to North Cape, 
naming the currents, and the coasts and islands bathed by each. 

Trace, in like manner, the currents from the Cape of Good Hope to Cape 
St.Roque. 



Where is the Gulf Stream first apparent ? 

Whither does this current go ? 

What current bathes the southern shores of Iceland ? 

What current flows between Iceland and Greenland ? 

What is the position of the North Equatorial Current ? 

How does the Equatorial Counter Current, in the Atlantic, compare with that 
in the Pacific in position and extent ? 

Where does the South Equatorial Current originate ? 

Whither docs the north branch of this current go ? 

Whither does the south branch mainly go ? 

Whence are all the currents on the eastern and northern coasts of South 
America derived ? 

How does their influence on the climate of the coasts differ from that of Uw 
Peruvian Current ? Why ? 

Whence is the current on the western coast of south Africa derived ? 

Whence are the currents on the western coasts of north Africa and Europe ? 

What is their probable influence on the climate of those coasts? Why ? 

Whence are the currents on the larger part of the eastern coast of North 
America ? 

How do the currents compare in direction on the opposite sides of the north 

Atlantic ? 

What is the direction of (he currents at the west of Greenland ? 

now do the polar currents of the north Atlantic compare in extent with those 
of the north Pacific ? 

Why is this ? 

Name all the warm currents of the Atlantic. 

Name the cold currents of the Atlantic. 

III. Indian Ocean. 

Trace the course of the currents from the Cape of Good Hope to Australia, 
and return. 

Whence is the South Australian Current derived ? 

What current flowing between Ii*dia and Africa ? 

What is the direction of the currents in the northern part of the InJian 
Ocean ? (See page 07, Topic IV. ) 

Which are the warm currents of this ocean ? 

To what part of the Indian Ocean are the cold currents confined ? Why ? 
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Bent out of its normal course by the strong westerly winds, 
this polar current turns eastward, and advances to the South 
American coast, tyhere it divides. The principal branch flows 
northward, under the name of the Peruvian or Humboldt Cur- 
rent, bathing the coasts of Peru with its cool waters, and becom- 
ing the main feeder of the South Equatorial Current. The 
smaller branch, turning southward, rounds Cape Horn and 
enters the Atlantic. 

III. Currents of the Atlantic. 

1. The Equatorial Current, in the Atlantic, owing to 
the narrowness of the basin and the projecting angle of South 
America, has neither the extent nor the regularity it shows in 
the Pacific. The northern branch is less marked, and the coun- 
ter current is not well defined except near the African coasts, 
where it is known as the Guinea Current. 

The south branch advances from the coast of Guinea to 
Cape St. Roque, the eastern point of South America, where it 
divides. The smaller division forms the Brazilian Current, 
flowing southward along the eastern coast of South America. 
Finally turning to the southeast, under the name of the Con- 
necting Current, it joins the Antarctic waters, and returns with 
them to the Equatorial Current. 

The main portion of the south current continues westward, 
passing the mouth of the Amazon and the coast of Guiana; 
then, uniting with the North Equatorial Current, it traverses 
the Caribbean Sea and the Gulf of Mexico, and issues into the 
north Atlantic basin as the Gulf Stream. 

2. The Gulf Stream, which first becomes apparent near the 
northeast coast of Cuba, advances gently eastward to the Baha- 
ma Banks ; then, turning northward, it follows the American 
coast, with an average velocity of four or five miles an hour, 
gradually expanding in breadth and diminishing in depth. 

In the latitude of New York it turns eastward and crosses to 
the Azores, where it divides. The main branch, bending south- 
ward, enters the tropical regions off the coast of Africa, and 
returns to the North Equatorial Current. The northern branch 
continues its northeast course to the British Isles and Norway, 
its advance in that direction being favored by the prevailing 
southwest winds. 

Near its origin this remarkable current has a breadth of 32 miles, and a depth 
of more than 2,000 feet; off Cape Hatteras the breadth is at least 75 miles, and 
the depth about 700 feet. Its temperature, at its origin, is about 80° Fahr. ; and 
through the larger part of its course it is, on an average, from 10° to 15° Fahr., 
— in winter from 20° to 30°, — wanner than the adjacent waters. Its color is a 
deep blue, so strongly contrasting with the greenish color of the sea that the line 
of contact is distinctly traceable by the eye. Its boundaries are sharply defined, 
especially on the west, where the transition is immediate from the cold wall of 
adjacent waters to the warm waters of the Gulf Stream. 

In the middle and northern part of its course, alternate bands of cold and 
warm waters occur. This is due, perhaps, to the partial mingling of colder 
currents with the warm, or simply to the currents of warm water moving into 
the quiet colder waters of the sea. 

The comparatively high temperature and rapid motion, and the deep blue color 
of the Gulf Stream, distinguish it from other portions of the ocean. It was 
long supposed to be a phenomenon of an exceptional character, to account for 
which the most extravagant hypotheses were invented. A better knowledge of 
the ocean currents, however, shows it to be simply a Return Current like the 
Japanese, the normal character of which is intensified by the peculiarities of the 
Atlantic basin. 

This basin has scarcely half the breadth of the Pacific basin; hence the Gulf 
Stream retains, throughout its course, its original temperature in a much higher 
degree than the Kuro Sivo. Again, the open communication of the Atlantic 
basin with the Arctic, giving free entrance to the polar waters, while the north 
Pacific is closed against them, causes a much greater contrast between the Gulf 
Stream and the surrounding sea than is presented by the Japanese Current. 

The intermingling of the warm moist air, over the Gulf Stream, M'ith the 
colder air over the surrounding sea, causes those frequent and violent storms 
which mark the course of this current across the Atlantic. 



The Gulf Stream transports not only the warm waters of the tropics, but car- 
ries with it large quantities of drift wood from the tropical forests. This, with 
debris from wrecked vessels, and weeds from the vast Sargasso Sea, it throws 
upon the shores and islands of the Arctic regions whither it flows, the drift 
wood forming a valuable gift to the people of those inhospitable lands. 

3. Two main Polar Currents, one on each side of Green- 
land, uniting off Cape Farewell, carry the icy waters and ice- 
bergs of the Arctic to the American shores, as the Gulf Stream 
and the superincumbent air transport the genial temperature of 
more southern latitudes to Europe. In the latitude of New- 
foundland the Polar Current meets the Gulf Stream, and, con- 
densing the vapors in the warm air which rests upon it, produces 
almost constant fogs. Thence as far as New York, the polar 
waters flow between the warmer waters and the shore, finally 
disappearing beneath them. 

IT. Currents of the Indian Ocean. 

The North Equatorial Current, in this basin, is overcome by 
the influence of the Monsoons ; and it flows alternately towards 
and from the southwest, its principal branch being known as the 
Malabar current. 

The South Equatorial Current is quite regular, extending from 
Australia to Madagascar, where it divides. The north branch 
forms the warm and powerful Mozambique current, west of 
Madagascar, and near the southern coast of Africa it is joined 
by the south branch. South of the Cape of Good Hope the 
united current meets the Antarctic Drift and turns backward 
with it to the shores of Australia, where it re-enters the equa- 
torial current. 

V. Conclusion. 

Thus is kept up, in each of the three great ocean basins, a 
constant circulation of the marine waters, which far surpasses 
in magnitude the greatest circulatory systems of the continents, 
and produces important modifications in the climate of the 
adjacent lands. 

The north polar currents, transporting their icy waters into 
the middle latitudes, are, by the influence of the Earth's rotar 
tion, thrown upon the eastern shores of the continents, reducing 
their temperature below that belonging to the latitudes. 

The return currents, on the contrary, carrying the warm 
waters, and accompanied by the warm air of the tropical regions, 
strike the western shores of the continents, and raise their tem- 
perature above that belonging to their latitudes. Thus on the 
opposite shores of the northern continents, there are great con- 
trasts of temperature in the same latitude, due in a considerable 
degree to marine circulation. 

Again, the position of the warm waters on the surface of 
the sea, while the cold are beneath, doubtless augments, to an 
appreciable degree, the warmth of the entire temperate zone. 

ANALYSIS OF SECTION III. 

I. General Currents. 

1. Ocean Currents. 

a. Definition. 

b. Extent. 

c. Position relative to surface. 

d. Cause. 

2. Equatorial Currents. 

3. Series op Currents. 

a. Cold curreiits. 

b. Warm currents. 

c. Results of meeting of cold and warm currents. 

d. Under cm rent in equatorial regions. 

e. Classes of general currents. 

4. Directions op Pot.ar and Return Currents. 

a. Direction in absence of modifying influence. 
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b. Influence modifying directions. Results. 

c. Explanation of direction of polar currents. 

d. Explanation of direction of return currents. 

e. Further modifications of course of currents. 

II. Currents of Pacific Ocean. 

1. Equatorial Currents. 

a. Breadth. Subdivisions. Velocity. 
South Equatorial current. 
North Equatorial current. 

2. Return Currents. 

a. How formed. 

b. Course.' 
8. Polar Currents. 

a. North Polar currents. 

b. South Polar current. Direction. Course of branches. 

III. Currents of the Atlantic 

1. Equatorial Currents. 

a. Effect of narrowness and form of basin. 

b. South branch and subdivisions. 

2. Gulf Stream. 

a. Where first apparent. 

b. Course and velocity at first. 

c. Subdivisions and their courses. 

Characteristics of Gulf Stream. 
Peculiarities how accounted for. 

3. Polar Currents. 

a. Position and character. 

b. Effect on meeting Gulf Stream. 

c. Latitude of disappearance. 

IT. Currents of Indian Ocean. 

a. North Equatorial current. 

b. South Equatorial current. 

V. Conclusion. 

a. Magnitude of marine circulations. 

b. Climatic effect of Polar currents. Of Return currents. 

Resulting contrasts In coasts. 



REVIEW OF PART III. 

Introduction. (Page 47.) 

Enumerate the topics discussed in the introductory section. 
What is the effect of reducing the temperature of water ? 
What importance has this exception to a general law of nature ? 
Whence is the rain water which falls upon the continents, and what becomes 
of it? 

Continental Waters. I. (48.) 

Explain the formation of intermittent springs. 

Where are springs most numerous, and why in this position ? 

How are rivers combined into systems ? 

Upon what does the amount of water transported by a stream depend ? 

How does the erosion vary in different parts of the course of a stream ? 

(49.) What is the result of the lateral erosion in the middle course ? 

Explain the sinuosity of the course of streams through the bottom land. 

How are the windings changed in high water ? 

Give examples of the amount of materials transported by streams. 

How is this transportation effected, and how do the materials vary in different 
parts of the course ? 

How does the deposit of the transported materials vary ? 

(50.) Describe the formation of deltas. 

What peculiarity of slope do deltas show, how is this occasioned, and what is 
the result of it ? 

Iu what of the course of a stream are the highest falls ? Why ? 

Enumerate the topics discussed in Section I., with their primary divisions. 

II. (51.) 

What peculiarities of form distinguish mountain lakes ? 
What are the characteristics of lakes in plateaus and plains ? 
How is the formation of salt lakes to be accounted for? 
Upon what does their size depend ? Examples. 

(52.) In what continents are lakes most numerous? Character of the lakes in 
each? 
Enumerate the topics and sub-topics discussed in Section II. 

III. 

What is the influence of the characteristic structure of North America upon its 
drainage ? 

What is the main water-shed, and what great streams flow from it ? 

(53.) Describe the formation of the Mississippi basin. 

What is the position of its three principal affluents, and what determines this 
position ? 

How do the eastern affluents compare with the western in the amount of water 
transported ? 

Why this difference ? 

What especially characterizes the St. Lawrence basin ? 

Name the other river systems, and the groups of smaller streams, in North 
America. 



(54.) How do the systems of the central plain compare with the others ? Whv 
is this? J 

Enumerate the topics discussed in Section III. 

IV. 

How does the general plan of drainage in South America compare with that in 
North America ? 

What is the effect of the inequality of the continental slopes ? 

How is the absence of lakes in South America to be explained ? 

What is the structure of the Amazon basin, and the main source of its waters? 

How does the Amazon compare with other streams in its volume of water? 
Why? 

Name the remaining systems of South America, and the corresponding streams 
of North America. 

(55.) Enumerate the topics discussed in Section IV., and their primary divisions. 

V. 

Describe the general plan of drainage in eastern Asia. 

Why is it so different from the plan of the American continents? 

Enumerate the principal streams on each slope. 

Describe the drainage of western Asia. 

What are the hydrographical centres of Europe ? 

Describe the drainage of High Europe. 

What governs the direction of the flowing waters of a continent ? 

(56.) How does the course of the streams of High Europe illustrate this fact? 

Describe the drainage of Low Europe. 

How do its streams compare with those of High Europe ? 

Enumerate the topics discussed in Section V., with their several subdivisions. 

VI. (57.) m 

What is the general plan of drainage in Africa? 

Describe the course of the Nile, its valley, and its inundations. 

Describe the other river systems of Africa. 

From what part of the continent do these systems derive their waters ? 

What peculiarity in regard to rivers is exhibited by Australia ? 

Upon what does the plan of drainage in each continent depend ? 

What oceans receive the larger part of the flowing waters of the globe ? 

What is the reason of this ? 

Enumerate the topics discussed in Section VI., with their subdivisions. 

The Sea. I. (58.) 

What is the composition of sea water ? 

How does the temperature of the surface vary ? 

What is the temperature of the deep waters ? 

Describe the bottom of the sea. 

Enumerate the topics discussed in Section I., with their several subdivisions. 

II. (59.) 

Describe the forms of the several ocean basins. 

How are coast waters classified, and what class characterizes each ocean ? 

How do the oceans compare in regard to islands ? 

Describe the bed of the Atlantic Ocean. 

(60.) How does the bed of the oceans differ from the surface of the continents ? 

Describe the bed of the Indian Ocean. 

What is the estimated depth of the Pacific ? 

How do inland and border seas compare with the oceans in depth ? Examples. 

What is probably the greatest depth of the sea ? 

(61.) Enumerate the topics discussed in Section II., with their several divisions. 

III. 

What are the different classes of movement in the waters of the sea ? 
Describe the wave movement, and the advance of the wave. 
Describe the tides, their cause, the extent of the movement, and the several 
periods of the tides. 
How are the tidal waves produced on opposite sides of the globe ? 
(62.) Explain the spring tides and the neap tides. 
Upon what does the velocity of movement of the tidal wave depend ? 
Describe the tidal wave of the Pacific. 

Why is the progress of the wave more rapid in mid-ocean than along the coasts? 
(63.) What is the normal height of the tide wave ? 
Why is it higher along the coasts and in estuaries ? 
Enumerate the topics discussed in Section III., with their several divisions. 

IV. (65.) 

Describe the general circulation of the oceanic waters. 
What are the three classes of ocean currents ? 

What is the normal direction of the polar, and of the return currents ? 
How is this direction caused ? 

How do the polar currents of the southern hemisphere vary from this direction? 
Describe the equatorial current of the Pacific. 
Describe the course of the Kuro Sivo. 
(67.) Describe the equatorial current of the Atlantic. 
Describe the Gulf Stream, its course, velocity, and temperature. 
How and why does it differ from the Kuro Sivo. 
What is the climatic influence of the ocean currents ? 

What is the effect of the expansion of the warm currents on the surface of the 
sea, while the cold are beneath ? 



PART IV. 
THE ATMOSPHERE. 



I. — INTRODUCTION. 
I. The Atmosphere a Geographical Element. 

1. Its Relation to the other Elements. The Atmos- 
phere, that vast ocean of air at the bottom of which we live, 
forma the third great geographical element of the Earth. Envel- 
oping both the land and the water, it absorbs the heat and vapors 
caused by the action of the sun upon the surface of both ; and, 
through the medium of the winds, carries invisible moisture and 
fertilizing rains 
from the sea to 
the parched 
lands. 

2. Composi- 
tion. The at> 
mosphere is a 
mechanical 
mixture of oxy- 
gen and nitro- 
gen, in the 
proportion, by 
volume, of 21 
parts of the for- 
mer to 79of the 
latter ; with a 
very small 
quantity of car- 
bonic acid, and 
more or less of 
watery vapor 
held in suspen- 
sion. It is 
among the most 
elastic bodies in 
nature, expand- 
ing or contract- 
ing with the 

slightest increase or diminution of temperature, or variation in 
the pressure which it supports. 

3. Weight and Pressure. The weight of the atmosphere 
is measured by its pressure on the barometer. 1 This instrument 
is a slender glass tube about a yard in length, closed at one end, 
then filled with mercury and reversed, the open end being 
placed in a cup of the same fluid. 

The atmosphere, pressing upon the fluid in the cup, keeps 
within the tube a column of mercury exactly sufficient to bal- 
ance its own weight. At the level of the sea this column. 
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measured by a scale attached to the instrument, is about thirty 
inches in height. The weight of the entire atmosphere, there- 
fore, is equivalent to that of a layer of mercury thirty inches 
deep, covering the globe, and exerting a pressure of fifteen 
pounds on every square inch of its surface. 

When, from any cause, the pressure of the air increases, the 
barometer rises ; when it decreases, the barometer falls. 

4. Density. The air, being a highly elastic body, the lower 
layers, which support the pressure of the entire atmosphere, are 

the most dense ; 
and the density 
diminishes up- 
ward with the 
decrease of pres- 
sure and the 
consequent in- 
crease of vol- 
ume. 

The law of 
variation is ex- 
hibited in the 
table below, in 
which the vol- 
ume and densi- 
ty of a given 
weight of air at 
the sea level, un- 
der a baromet- 
ric pressure of 
thirty inches, is 
taken as unity. 
It will be seen 
that one half of 
KJiimiNjuw. the entire at- 

'*' mosphere, by 

weight, is con- 
densed within 
3f miles — about 18,000 feet 
— of the sea level ; and fully 
two-thirds are below the level 
of the summit of the highest 
mountains. This fact has an 
important bearing, both on the 
influence of mountains in di- 
recting or modifying the course 
of the winds, and on the general climatic phenomena of the globe. 
Fig. 31 shows the diminution of barometric pressure, with increasing alti- 
tude, up to the highest points reached by observers, either upon mountains or 
by balloon, the highest being Glaislier'a balloon ascent to 36,070 feet. 
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5. Height of the Atmosphere. In consequence of the 
above law of diminution, it is calculated that, at the height of 
from 45 to 50 miles above the sea, the atmosphere becomes so 
rarefied that the barometric pressure is nearly or quite insensi- 
ble. If this be taken as practically its upper limit, the atmos- 
phere appears as a thin film, measuring not much more than the 
hundredth part of the radius of the Earth. 

6. Its Relation to Organic Life. In the atmosphere 
alone the highest forms of vegetable and animal life, including 
man himself, find the proportion of heat, of oxygen, and of 
watery vapor requisite far their vitality and development. It 
thus performs the part of universal mediator, not only be- 
tween land and sea, but also between organic and inorganic 
nature. 

II. Climate. 

1. Definition. The physical agencies acting through the 
atmosphere upon organic life, constitute climate, of which 
heat and moisture are the essential elements, the winds being 
the medium of circulation. Of these, temperature, however, 
is the fundamental phenomenon of climate ; for the winds 
and the rains result from differences in the temperature of 
the air. 

2. Astronomical Climate. The fundamental laws which 
govern the climatic conditions of our globe are the result of 
astronomical causes ; namely, the direct action of the Sun's rays 
upon the Earth's surface, the spherical form of the Earth, and 
the daily and yearly motions of the latter. These causes, oper- 
ating constantly, establish permanent inequalities of temperature 
and rainfall in different latitudes ; and periodical variations, in 
the same latitude, in different parts of the year. 

The general climatic conditions belonging to a region, and 
depending upon its latitude, constitute its astronomical climate. 

3. Physical Climate. The climate belonging to a place, 
by its latitude, is usually modified, to a greater or less extent, 
by secondary physical agencies, — among which are the general 
atmospheric and marine currents, the differing power of land 
and water to absorb and radiate heat, and the altitude of the 
surface. 

The astronomical climate of a region thus modified, is its 
real, or physical climate. This depends not only upon its lati- 
tude, but also on its position in regard to the oceans, the direc- 
tion of its prevailing winds, and its elevation above the level 
of the sea. 

ANALYSIS OF SECTION I. 

I. Tbe Atmosphere a Geographical Element. 

1. Its Relation to other Elements. 

2. Its Composition and Elasticity. 

3. Its Weight and Pressure. 

4. Its Density. 

5. Its Height. 

6. Its Relation to Organic Life. 

IT. Climate. 

1. Definition. 

a. Essential elements. 

b. Fundamental phenomenon. 

2. Astronomical Climate. 

a. General climatic conditions — how caused. 

b. Results of operation of astronomical cause*. 

c. Astronomical climate defined. 

d. Astronomical climate depends on what. 

3. Physical Climate. 

a. Subordinate agencies modifying climate. 

b. Physical climate defined. 

c. Physical climate depends on what. 



II. — ASTRONOMICAL CLIMATE. 

I. Distribution of Temperature. 

1. General Law. The amount of heat produced by the 
sun upon the Earth's surface, is greatest near the Equator, and 
diminishes gradually towards the Poles. 

2. Causes of Variation. Three general causes, each ref- 
erable to the spherical form of the Earth, combine to produce 
the gradual diminution of temperature from the Equator to the 
Poles. 

(1.) The angle at which the Sun's rays impinge upon the sur- 
face. In the Equatorial regions they are perpendicular to the 
surface of the sphere, and there produce their maximum effect; 
but, on account of the curved outline of the globe, they fall 
more and more obliquely with increasing latitude, and the in- 
tensity of action diminishes proportionately. At the Poles, 
they are tangent to the surface, and their effect is null. 

(2.) The area on which a given amount of heating power is 
expended, is least at the Equator, consequently the resulting 
heat is greatest. The area covered increases, and the effect 
diminishes, with the increasing obliquity of the Sun's rays in 
higher latitudes, which, as we have seen above, results from the 
spherical form of the Earth. 

(3.) The absorption of heat by the atmosphere, as the Sun's 
rays pass through it, is least where they fall perpendicularly, — 
that is, in the Equatorial regions, — and increases, with their 
increasing obliquity, towards the Poles. 

II. Influence of the Earth's Motions. 

1. Motions of the Earth. The Earth revolves constantly 
around the Sun, and at the same time rotates upon an axis in- 
clined 23i° towards the plane of its orbit. In consequence of 
the inclination of the axis, the declination of the Sun, or its 
angular distance from the Equator, varies with the advance of 
the Earth in its orbit, causing periodical variations in the length 
of day and night, and, consequently, in temperature. 

2. Positions of the Vertical Sun. Vernal Equinox. On 
the 20th of March, at mid-day, the Sun is vertical at the Equa- 
tor. Rising directly in the east it ascends the heavens to the 
zenith, and, descending, sets directly in the west. 

The illuminated hemisphere extends from pole to pole, and 
embraces half of every parallel of latitude ; hence every point 
on the Earth's surface is under the rays of the Sun during half 
of the diurnal rotation ; the days and nights are equal all over 
the globe ; and the heating power of the Sun is the same in 
both the northern and the southern hemisphere. (See illustra- 
tion Orbit of the Earth, page 5.) 

Summer Solstice. As the Earth advances in its orbit the ver- 
tical Sun declines northward ; and on the 21st of June, at the 
Summer Solstice, it is over the northern Tropic, 23£° from the 
Equator. 

The illuminated hemisphere, extending 90° on each side of 
the parallel of the vertical Sun, reaches 23£° beyond the north 
pole ; but, at the south, it barely touches the Antarctic circle. 
It embraces more than half of each parallel north of the Equa- 
tor, hence throughout the northern hemisphere the day is longer 
than the night, the difference in their duration increasing with 
the latitude ; and all points within the Arctic circle are in the 
light during the entire rotation. 

In the southern hemisphere, less than half of each parallel 
being illuminated, the night is longer than the day, and within 
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the Antarctic circle there is constant night. The heating power 
of the Sun is now at the maximum in the northern hemisphere, 
while in the southern it is at the minimum. 

At the Autumnal Equinox, on the 22d of September, the dis- 
tribution of light and heat upon the two hemispheres is the 
same as at the Vernal ; and at the Winter Solstice, on the 22d 
of December, it is the reverse of that at the Summer Solstice. 

3. Variations in Temperature. The inequality in the 
length of the days in different parts of the year, occasioned by 
the inclination of the Earth's axis, is of itself sufficient to pro- 
duce a marked variation in temperature. 

During the day the Earth receives from the Sun more heat 
than it radiates into space ; while during the night it radiates 
more than it receives. Hence a succession of long days and 
short nights results in an accumulation of heat, raising the 
average temperature and producing summer ; while long nights 
and short days result in a temperature below the average, pro- 
ducing winter. 

Again, the heating power of the Sun in each hemisphere is 
greatest at the period of the longest days, because of its greater 
altitude in the heavens; and least at the period of shortest 
days. Thus long days and a high sun operate together to pro- 
duce the high temperature of summer ; while long nights and 
a low sun cause the low temperature of winter. 

4. Varying Inequality of Day and Night. Law of 
variation. The inequality of day and night increases slowly in 
the tropical regions, but more and more rapidly towards the 
polar circles. Beyond these circles the Sun, in the hemisphere 
in which it is vertical, makes the entire circuit of the heavens, 
without sinking below the horizon, for a period varying from 
twenty-four hours to six months ; while in the opposite hemi- 
sphere there is a corresponding period of continuous night. 

The following table gives the length of the longest day, excluding the time 
of twilight, and of the shortest night, in the different latitudes, with the differ- 
ence of duration in hours and minutes, thus exhibiting more clearly the above 
law. 



Latitude. 


Longest 
Day. 


Shortest 
Night. 


Difference. 

i 


Latitude. 


Longest 
Day. 


Shortest 
Night. 


Difference. 


Equator . . 
vr . . . 


12.0 hours. 


12.0 hours. 


00.0 hours. 


65 # . . . 


17.3 hours. 


6.7 hours. 


10.6 hours. 


12.7 " 


11.3 " 


1.4 " 


60* . . . 


18.7 " 


5.3 " 


13.4 " 


20" . . . 


13.3 " 


10.7 " 


2.6 " 


Polar Circles 


24.0 « 


0.0 " 


24.0 •« 


Tropics . . 

*r . . . 


13.5 " 


10.5 " 


3.0 " 


67 J*. . . 
69J\ . . 


1 month. 


0.0 " 


• 


14.0 " . 


10.0 " 


4.0 " 


2 months. 


0.0 " 


• 


»• . . . 


14.5 " 


9.5 " 


6.0 " 


7S.3* . . 


3 " 


0.0 " 


— 


40* . . . 


15.0 " 


9.0 " 


6.0 " ■ 


78.3* . . 


4 " 


0.0 " 


— 


45° . . . 


15.6 " 


8.4 " 


7.2 " 


84° . . . 


6 " 


0.0 " 


— 


60* . . . 


16.3 " 


7.7 " 


8.6 " 


North Pole . 


6 " 


0.0 " 


— 



Result of Varying Inequality. In the tropical regions, where 
the days and nights vary little in length, the temperature is 
nearly uniform throughout the year ; while the increasing ine- 
quality of day and night towards the Poles, causes an increas- 
ing difference between the summer and the winter temperature. 

Again, the length of the day, in the summer of high latitudes, 
compensates for the diminished intensity of the Sun's influence ; 
so that the temperature, in the hottest part of the day, may 
equal, or even exceed, that within the tropics. A summer day 
in Labrador or St. Petersburg may be as warm as one under the 
Equator ; but in the former latitudes there are only a few days 
of extreme heat in the year, while with increasing nearness to 
the Equator the number of warm days constantly increases. 

5. Seasons in Different Latitudes. The high latitudes 
have short, hot summers, and long, severe winters. The transition 
seasons, spring and autumn, on account of the very rapid change 
in the length of the days, are short and scarcely perceptible. 



In the middle latitudes the summer and winter are more nearly 
equal in length, with less difference in the extreme tempera- 
tures ; and the transition seasons are distinctly marked. Far- 
ther towards the Equator the summer increases in length, and 
the winter diminishes, while the tropical latitudes have constant 
summer. 

Though in middle and polar latitudes, the intensity of the 
Sun's rays is greatest at the time of the Summer Solstice, yet 
the highest degree of heat, resulting from accumulation during 
the long days, does not occur until a month or more after that 
period. The lowest temperature, consequent upon successive 
losses during the short days, usually occurs a month or more 
after the Winter Solstice. 

A similar fact is apparent in the daily alternations of temperature. The 
highest degree of heat is not at noon, when the son is highest, but about two 
o'clock ; and the lowest, a little before sunrise, at the end of the period of great- 
est radiation, instead of at midnight. 

ANALYSIS OF SECTION II. 

I. Distribution of Heat on Globe. 

a. General law. 

b. Causes of unequal distribution* 

c. Operation of each. 

II. Effects of Earth'* Motions. 

1. Motions or the Earth. 

a. Result of inclination of axis. 

2. Positions of Vertical Bun. 

a. Vernal equinox. 

When occurring. Daily course of Sun. 
Position of illuminated hemisphere. 
Length of day and night. 
Comparative heat of hemispheres. 

b. Summer solstice. 

When occurring. 

Position of illuminated hemisphere. 
Day and night in northern hemisphere. 
Day and night in southern hemisphere. 
Comparative heating of hemispheres. 

c. Autumnal equinox and winter solstice. 
8. Variations or Temperature. 

a. Variation in length of day. 

Effect of long days and short nights. 
Effect of long nights and short days. 

b. Variation in heating power of sun. 
4. Varying Inequality or Day and Night. 

a. Law of variation. 

b. Result of variation. 

Summer day of high latitudes. 
6. Seasons. 

a. In high latitudes. 

b. In middle latitudes. 

c. In tropical latitudes. 

d. Time of highest and of lowest temperature. 

e. Daily alternations of temperature. 



III. — PHYSICAL CLIMATE. 
I. Contrasts in the same Latitude. 

1. Contrasts Observed. According to the laws of astro- 
nomical climate, all places having the same latitude would have 
the same average annual temperature, and the same periodical 
changes. Thermometric observations, however, show quite a 
different state of things. In many cases the differences in aver- 
age annual temperature, in regions having the same latitude, 
and the resulting contrasts in the aspects of nature, are extreme ; 
while the differences in the character of the seasons are no less 
strongly marked. 

For example, — on the western shore of the Atlantic Ocean is Labrador, 
frozen and treeless ; while opposite, in the same latitude, are the British Isles, 
with their mild climate, fertile soil, and rich verdure. New York, with a long 
icy winter, is in the same latitude with Naples, surrounded by orange groves and 
evergreen vegetation. Again, San Francisco, with mild winters and cold sum- 
mers, is on the same parallel with Washington, where a burning sun in summer 
is succeeded by winters so cold as often to cover the pftomac with a thick coat 
of ice ; and the fruitful plains of southern China lie side by side with the frozen, 
and almost uninhabitable, wastes of Thibet. 
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2. Isothermal lines. In order to illustrate the actual dis- 
tribution of heat, irrespective of latitude, Humboldt devised a 
series of lines known as -isothermals, 1 or lines of equal average 
temperature, as ascertained by thermometric observations. Each 
line connects places having the same mean temperature, either 
of the year, a season, or any one month. The annual isothermal* 
show the average temperature belonging to the places which 
they connect ; the monthly and season isothermals show the dis- 
tribution of heat throughout the year. 

A correct delineation of the isothermal lines of the globe 
will, therefore, show most clearly the general deviations from 
the astronomical climates in all parts of the Earth. Where the 
isothermals bend from the parallels in the direction of the Poles, 
they indicate an average temperature higher than belongs to the 
latitude ; where they approach the Equator, they indicate a tem- 
perature lower than belongs to the latitude. 

II. Deviations from Astronomical Climates. 

1. The general deviations from the astronomical climate 
occur chiefly in the middle latitudes, and may be distinguished as 
primary and secondary. The first are deviations from the mean 
annual temperature belonging to a given latitude, caused mainly 
by the influence of the general winds and the marine currents. 
The second are departures from the average summer and winter 
temperatures belonging to a given latitude, occasioned chiefly by 
differences in the absorbing and radiating power of land and water. 

2. Local deviations, the result of elevation, occur in all lati- 
tudes. They consist in a reduction, proportionate to the altitude, 
of the mean temperature belonging to the latitude ; while the peri- 
odical changes remain very nearly the same. On an average, 
an increase of 330 feet in altitude diminishes the temperature 1° 
Fahr. ; hence the rate of diminution is about 3° to 1,000 feet. 

In tracing the isothermals, according to Humboldt's example, the local influ- 
ence of altitude is usually eliminated. This is done, as in the accompanying 
map, by adding, to the observed temperature of a place, 1° for every ,333 feet of 
its elevation, thus reducing the temperature to that which the place would have 
if situated at the level of the sea. 

In large plateaus, however, the effect of altitude seems to be, 

1 From the Greek isos, equal, and tberme, heat. 



in some measure, counteracted by the great extent of absorbing 
and radiating surface uplifted into the atmosphere. In general 
they are considerably warmer than the isolated summits of 
mountains of the same altitude. 

III. Influence of Winds and Marine Currents. 

1. Mode of Operation. Winds from the equatorial regions 
carry into the middle latitudes some portion of the heat of the 
tropical regions ; while polar winds bring the low temperature 
of the latitudes whence they come. If, therefore, either the 
polar or the equatorial wind prevails throughout the year in a 
particular region, a large amount of heat is added to, or sub- 
tracted from, that which belongs to the latitude. 

Marine current* produce a similar effect, and combine with the 
winds to cause the primary modifications of the astronomical 
climates. 

2. The obsekvation of the isothermals traced upon 
the map, brings to light several important facts in regard to the 
distribution of temperature on the globe. 

(1) The greatest modifications of the astronomical climates 
occur in the northern hemisphere, the isothermals of the southern 
hemisphere departing far less from the parallels of latitude. 

(2) The extreme deviations occur on the coasts of the north 
Atlantic, western Europe being very much warmer than eastern 
America in corresponding latitudes. The difference in the tem- 
perature of the opposite coasts increases towards the pole. 

The isothermal of 50° Fahr., which passes near New York, on the 40th par- 
allel of latitude, reaches London, on the opposite side of the Atlantic, eleven 
degrees farther north. The isothermal of 40° Fahr. passes through Canada and 
Nova Scotia, near the 46th parallel, hut lies eighteen degrees farther north on the 
European coast. The isothermal of 30° Fahr. connects central Labrador with 
North Cape in Europe, the two places differing in latitude by twenty-one degrees. 

Similar deviations take place in the north Pacific, but the 
differences of temperature on the opposite coasts are only about 
one-half as great as on the Atlantic coasts. 

In the northern hemisphere, the winds and marine currents from the equato- 
rial regions, are directed towards the northeast, thus raising the temperature of 
the western coasts of the continents ; while the polar winds and currents strike 
the eastern coasts, lowering their temperature. 

The return-trades of the Atlantic (see page 79, Topic II., 4), moving north- 
eastward over the warm surface of the Gulf Stream, absorb a portion of its 



QUESTIONS ON THE MAP OF TEMPERATURE. 



Explain the coloring of the map. (See margins, pages 74, 75.) Explain the 
lines of red and blue. 

Explain the figures near the isothermal lines, and those accompanying the 
names of places. 

Where are the regions of greatest heat? What is the average temperature of 
these regions ? 

Near what cities in Asia, Africa, and North America does the isothermal of 70° 
pass? 

Where does this line have its nearest approach to the equator? 

What is indicated by this position of the line ? (See text above.) 

How do you account for the comparatively low temperature of the eastern coast 
of Asia? (See Topic III., 1, below, and Map of Winds, pages 80, 81.) 

Where is the northern isothermal of 70° farthest from the equator? 

What places in Australia, Africa, and South America on the southern isother- 
mal of 70° V 

Where does this line approach nearest to the equator ? 

How do you account for the comparatively low temperature on the Pacific 
shores of South America ? (See Map of Marine Currents, page 66.) 

Where does the southern isothermal of 70° depart farthest from the equator ? 

How is this departure to be explained ? (See page 67, IV.) 

Trace the northern isothermal of 30° across Asia, Europe, and North America. 

How does its position in the interior of Asia, Europe, and North America com- 
pare with its position on the Atlantic and Pacific coasts ? 

How do you explain this approach to the equator ? (See Topic III., 1, above, 
and Map of Winds.) 

How does the position of the isothermal of 30° compare on opposite sides of the 
Atlantic ? 



Explain this northward deviation on the eastern coast. (See Topic III., (2), 
above.) 

How does the deviation of the isothermals between 70° and 30° vary from south 
to north V 

What important places in Asia, Europe, and North America lie on or near the 
isothermal of 60° V Of 50°? Of 40°? 

Where are the regions of greatest cold found ? 

What isothermal forms the southern boundary of these regions ? 

In which continent is this frigid region most extensive ? 

How do the isothermals of the southern hemisphere compare with the north- 
ern, in the amount of their deviation from the parallels 7 . 

Near what parallel is the equatorial limit of drifting ice in the southern hemi- 
sphere ? 

Where does the Antarctic ice advance nearest to the equator ? 

Where, in the open seas, is the southern ice limit farthest from the equator? 

How far southward does the Arctic ice drift on the western shores of the 
Atlantic ? 

How far on the eastern shores ? 

How do the temperatures of the ocean compare with those of the continents in 
summer? (See small map of summer isothermals.) 

Why is this ? (See page 73, Topic IV., 1.) 

How do the oceanic and continental temperatures compare in winter ? Why ? 

Where and what is the highest average summer temperature of the New 
World? Of the Old World ? 

How do these averages compare ? 

Why is the summer of northern Africa and Arabia so much warmer than the 
corresponding regions of the New World ? (See page 73, Topic IV., 2.) 
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heat, which they spread, with their own, over western Europe ; but the return- 
trades of the Pacific derive little or no additional heat from the Japanese 
current, which, owing to the breadth of the basin it has to traverse (see page 65, 
Topic II., 2), becomes cool before reaching the American shores. 

Thus the western coast of North America has its temperature augmented by 
the equatorial winds alone, while western Europe has the heating influence of the 
winds and the Gulf Stream combined; hence the higher temperature of the latter. 

In the southern hemisphere, branches of the equatorial current sweep along the 
eastern coasts, while the polar currents strike the western ; the former, therefore, 
are warmer, and the latter cooler, than the latitude would indicate. 

(3.) In both of the great land-masses of the northern Jiemi- 
9phere — Asia-Europe and North America — the western coasts 
are warmer than the eastern, while in the southern hemisphere, 
where the influence of the marine currents from the Antarctic 
predominates, the eastern coasts are the warmer. 

(4.) Zones of physical climate are bounded by the isothermals, 
while the astronomical zones are limited by the tropics and the 
polar circles. The true torrid zone may be regarded as terminat- 
ing, on each side of the equator, at the isothermal of 70° Fahr., 
beyond which the characteristic plants and animals of tropical 
regions disappear. The temperate zones lie between the isother- 
mals of 70° and 30° Fahr. ; and the frigid, extend from the latter 
to the poles. 

Thus defined, the torrid zone is broadest in Africa, the tem- 
perate in Europe, the frigid in Asia. Hence it appears that, on an 
average, Africa, the largest land mass within the tropics, is the 
hottest of the continents ; Europe, the smallest of the northern 
continents, is the warmest in the temperate zone , while Asia, 
the largest of all, is the coldest. The two Americas, both 
in regard to size and temperature, occupy an intermediate 
grade. 

On the whole, therefore, we may conclude that, in the torrid 
zone, the greater the extent of the land the higher is its tem- 
perature, while in the temperate zone the reverse is true. 

IV. Influence of Continents and Oceans. 

1. Absorption and Radiation. Water has a great capacity 
for absorbing heat, and but feeble conducting power ; hence the 
sea grows warm slowly under the rays of the sun and never 
attains a high temperature. It also radiates heat slowly, and as 
fast as the surface particles become cool, they sink and are 
replaced by warmer ones from beneath ; hence the cooling pro- 
cess is as gradual as the heating, and neither produces extremes 
of temperature. 

The land absorbs the solar heat rapidly, and the surface soon 
attains a high temperature. Especially is this the case where the 
soil is imperfectly covered with vegetation, as in treeless plains 
or deserts. But when the sun is withdrawn, heat radiates with 
rapidity, and a comparatively low temperature is soon reached. 

2. Result. This inequality in the capacity of land and water 
for absorbing and radiating heat, gives rise to the secondary 
modifications of the astronomical climates, affecting more espe- 
cially the amount of heat in the various seasons. In summer, 
the land is warmer than the sea in the same latitude ; in winter, 
colder. Along the coasts the mingling of the air from the ocean 
with that over the land, moderates both the heat of summer and 
the cold of winter ; hence the coasts have more equable season 
temperatures than the interior. The position of the isothermal 
lines for the various seasons is also modified by this cause. 

The following table exhibits the rapid increase in the difference between the 
summer and the winter temperature, as the equalizing influence of the sea is lost 
by distance. It gives the averaye temperature of the coldest, and of the warmest 
month of the year, in places situated in the same latitudes but at different 
distances from the sea. 
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Lat. 
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Jan. 
Fahr. 


July. 
Fahr. 


Diff. 


Names or Places. 


Lat. 


Jan. 
Fahr. 


July. 
Fahr. 


Diff. 


Faroe Islands . . 
Bergen, Norway . 
St. Petersburg, Rus. 
Yakutsk, Siberia . 
Penzance, England, 
Barnaul, Siberia . 


89.0 
94.0 
16.6 
-43.8 
42.6 
-4.7 


61.7 
60.3 
62.6 
62.2 
62.0 
67.1 


22.7 
25.4 
47.0 
106.0 
19.4 
71.8 


Eastport, Maine 
Ft. Snelling, Minn., 
Bermuda, Atlantic, 
Natchez, Miss. . . 
Madeira, Africa. . 
Cairo, Egypt . . . 


«• 
46 # 

32* 
32* 
32* 
30* 


22.6 
13.1 
62.2 
62.2 
63.5 
56.3 


62.4 
73.4 
84.2 
81.3 
73.8 
86.6 


39.9 
60.3 
21.6 
29.1 
10.3 
30.3 



The extreme temperatures in summer and winter differ to a still greater degree. 
The highest temperature ever observed at the Faroe islands is only 65.3° Fahr., 
and the lowest is rarely below the freezing point. In St. Petersburg, 2° farther 
south, extremes of 92°, and —40° Fahr. have been recorded. Nearer the tropics, 
though the difference between the seasons is less, the influence of the continents 
and the oceans is still apparent. The extremes of temperature in Madeira show 
a difference of only 20° to 27°, while in Egypt the difference is 56° Fahr. 

3. Continental and Oceanic Climates. In general the 
climate of the oceans is characterized by uniformity, the difference 
between the summer and the winter temperature being compara- 
tively slight. The continental climate, on the contrary, is charac- 
terized by sudden changes, and extremes, the difference between 
the summer and the winter temperature, in middle and high 
latitudes, being excessive. 

This difference in land and sea climates is sufficient to modify the average tem- 
perature of the entire globe. In consequence of the great preponderance of land 
in the middle latitudes of the northern hemisphere, and of water in the southern, 
the former has a hot summer, and the latter, at the same period, a mild winter. 
The two combined give, according to Prof. Dove, an average temperature of 62.4° 
Fahr. for the entire globe, in July, or during the northern summer. In like man- 
ner the winter of the northern hemisphere is colder because of the preponderance 
of land ; while the summer of the southern is less warm because of the excess 
of water. Hence in January, or during the southern summer, the average tem- 
perature of the earth is but 54.3° Fahr. ; that is, 8.1° lower than in July. 



ANALYSIS OF SECTION in. 

I. Contralto In the Same Latitude. 

1. Contrasts Observed. 

a. General statement. 

b. Examples. 

2. Isothermal Lines. 

a. Definition and use. 

b. Annual Isothermals. 

e. Monthly and season isothermals. 

II. Deviations from Astronomical Climates. 

1. General Deviations. 

a. Where occurring. 

b. How classed. 

c. Character and cause. 

2. Local Deviations. 

a. How occasioned. 
D. Where occurring, 
o. In what consisting. 

d. Rate of diminution. 

e. How treated in tracing isothermals. 

f . Temperature of plateaus. 

III. Influence of Winds and Marine Currents. 

1. Mode or Operation. 

I Equatorial. 
Polsr. 
Result of predominance of either. 

b. Marine currents. 

2. Effects. 

a. Greatest modifications where. 

b. Extreme deviation where. Examples. 

Deviations on Pacific coast. 
Explanation. 

Heating Influences in Atlantic. 

Heating Influences In Pacific. 

Conditions in southern hemisphere. 

c. Coasts of land masses. 

d. Average temperature of oceans. 

e. Zones of physical climate. 

Limits. Extent in the several continents. 
Temperature of the continents compared. 
Effect of greater area of land. 

IY. Influence of Land and Water Surface. 

1. Absorption and Radiation of Heat. 

a. Water, how affected. 

b. Land, how affected. 

2. Results. 

a. General character of seasons of continents. 

b. Modifying Influence on coasts. 

c. Table. 

d. Comparison of extremes of temperature. 

3. Continental and Oceanic Climates. 

a. Characteristic of oceanic climates. 

b. Characteristic of continental climates. 

c. Effects ou average temperature of globe. 
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Explanation of Colon. 
Zones of Temperature. 

^—Torrid Zone.— Mean temperature 70* 
of Fahrenheit and above. 

^•Temperate Zones.— Temperature be- 
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2Vk« tfne* fn the main map pass 
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age annual temperature and. are called 
Isothermal lines, meaning Unes of equal 
mean heat. The temperatures are cor- 
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above the sea level Their curving to- 
wards the poles denotes a greater, and 
towards the equator, a lesser degree 
of heat than that due to the latitude. 
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IV. — THE WINDS. 

I. Equilibrium of the Atmosphere. 

1. Conditions of Equilibrium. The atmosphere, under 
the influence of gravity, tends always so to adjust itself as to 
be in a state of equilibrium, the chief condition of which is a 
uniform density at any given altitude, the density diminishing 
upward with the decreasing pressure (see page 69, Topic IV.). 
But the continuance of this equilibrium requires uniformity of 
temperature, as well as of pressure, in all parts of the same 
stratum of air. 

2. Disturbance. If any given stratum, whether in the 
lower or the upper air, is unequally heated in different parts, 
the equilibrium is destroyed. The warmer portion expands 
and becomes lighter ; and, being pressed upon by the adjacent 
colder and heavier air, it 

rises, and its place is occu- 
pied by the latter. 

This process results in 
an ascending current, from 
the region of greatest heat, 
and horizontal currents 
flowing from all directions 
towards that region. 

This is exemplified in a heated 
stove, where the warm, light air, 
ascending through the pipe, is 
replaced by a steady horizontal 
current from the surrounding 
cooler atmosphere. 

The ascending air, hav- 
ing reached a stratum of 
equal density with itself, 
ceases to move upward; 
but, if still pressed upon 
by a current from beneath, 
it is diffused horizontal- 
ly in all directions. At 
length, gradually sinking, 
it may help to feed the 
horizontal current flowing 

towards the region of greatest heat, thus completing a circuit 
which will be repeated as long as the inequality of temperature 
continues. 

It is evident that, if the inequality of temperature be con- 
stant, the resulting circulation will be constant also ; but if the 
overheating of a given region be only temporary, the motion 
will cease as soon as the lighter air has all taken its position 
above the heavier, and the equilibrium is restored throughout 
the strata to which the disturbance extended. 

II. General Circulation of the Atmosphere. 

1. Winds are movements of the atmosphere caused by a 
disturbance of the equilibrium of its particles, the tendency of 
the motion being to restore that equilibrium. The disturbances 
are mainly occasioned by differences in temperature, and in the 
amount of vapor held in suspension by the air. 

Winds may be grouped in three classes ; namely, constant, peri- 
odical, and variable winds. The first class embraces the trade 
winds of tropical latitudes. The second includes the diurnal 
land and sea breezes, and the monsoons or season winds, occur- 
ring chiefly in tropical regions. The variable winds are more 
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temporary and local, and characterize especially the temperate 
and high latitudes. 
Winds are named from the points of compass whence they come. 

2. General Atmospheric Currents. In the vicinity of 
the equator, where the average annual temperature is highest, — 
reaching 82° Fahr. and upward, — the atmosphere is at its mini- 
mum density; and the density gradually increases, with the 
diminishing temperature, from this region to the polar latitudes. 

Set in motion by the ascending movement of the lighter equa- 
torial atmosphere, the cooler and heavier air, all around the globe, 
flows towards this zone of maximum temperature. There, be- 
coming, in its turn, rarefied by the intense heat, it ascends and 
finally returns, as an upper current, towards the poles. 

Cooled by its expansion in ascending and its advance into 
colder latitudes, and contracted laterally in its progress tow- 
ards the poles, this upper 
return current gradually 
descends, reaching the 
surface of the Earth some- 
what beyond the tropics. 

Thence a part returns 
towards the equator, the 
remainder continuing tow- 
ards the poles, partly in 
the upper air, and partly 
as a surface current. The 
latter is more or less in 
contact with, and opposed 
by, the current setting 
from the poles towards 
the zone of greatest heat. 
Hence from the perma- 
nent inequality in the dis- 
tribution of heat in the 

» 

tropical and polar regions, 
there results, in each hem- 
isphere, a constant circu- 
lation of the atmosphere 
consisting of (1) an ascend- 
ing current, in the zone of 
highest average temperature ; (2) a polar current flowing upon 
the surface, from each pole towards the equator ; and (3) a 
return current flowing from the equator towards each pole, 
partly in the upper air and partly on the surface, and supply- 
ing the constant drain of the po?ar current. 

The above diagram is designed to illustrate this normal circulation of the 
winds. The arrows parting from the circumference of the circle, on each side 
of the equator, represent the ascending current in the region of greatest heat 
This region is designated, for reasons given below, the equatorial belt of calms. 

The polar current, which replaces the ascending air, is represented by the 
arrows pointing from the poles; while those pointing towards the poles represent 
the return currents. 

The arrows within the circumference show the direction of the prevailing 
winds in the different zones, the figures indicating latitudes. Within the 
tropics the winds are directed westward and towards the equator. Beyond the 
tropics winds blow both towards and from the equator; while near the poies 
the polar winds predominate. Belts of calms occur where the return-trade 
descends from the upper air. 

3. Direction of Polar and Return Currents. Were 
the Earth at rest, and its surface uniform, these currents would 
doubtless follow the meridians to and from the equator. But 
the rotary motion l common to both the terrestrial globe and its 
atmosphere, causes the polar currents, as they near the equator, 

* See explanation of the direction of marine current*, page 65. 
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to turn more and more towards the west ; hence they become 
northeasterly winds in the northern hemisphere and south- 
easterly in the southern. The return currents, on the contrary, 
advancing from equatorial to polar latitudes, are deflected 
towards the east, becoming southwesterly winds in the northern 
hemisphere and northwesterly winds in the southern hemisphere. 

Again, the continental reliefs, and the relative positions of 
the land-masses and oceans, cause many local modifications in the 
direction of these general currents. 

4. Wind Zones. The general law of atmospheric circulation 
just noticed, gives rise to three distinctly marked wind zones, on 
each side of the Equator; namely: — (1) the zone of constant 
winds, extending to latitude 25° or 30° ; (2) the zone of variable 
winds, with alternate polar and equatorial currents dominating, 
extending thence to latitude 60°, or near the polar circles; and 
(3) the zone of prevailing, though not constant, polar winds. 
(See Fig. 32, and the Map of the Winds, pages 80, 81.) 

III. Trade Winds and Calms. 

1. Trade Winds. The constant, gentle, northeasterly and 
southeasterly winds, occupying a belt of about 20° of latitude 
on each side of the Equator, are designated the trade winds. 

It was this constant and gentle wind which carried the navi- 
gator Magellan across the Pacific, and gave this ocean the name 
it has since retained ; and which subsequently bore the Spanish 
treasure-ships, from the Mexican and Peruvian ports, to their 
destination in the Philippine Islands. The same unchanging 
westerly wind, observed in the Atlantic by the companions of 
Columbus, filled their minds with the fear that they could never 
accomplish a homeward voyage. 

The trades blow with entire regularity only upon the open 
sea, the course and character of the winds elsewhere being 
modified by the continental reliefs or other local influences. 
The continents, on account of the elevation of their surface, 
partially intercept the general atmospheric currents, and, being 
also more heated than the adjacent oceans, they modify, or even 
overcome, the trades in their immediate vicinity. 

Owing to this disturbing influence, the trades, both in the 
Atlantic and the Pacific, begin to blow regularly only at a con- 
siderable distance west of the continents. Thence they sweep, 
without interruption, over the ocean basins, at a nearly uniform 
rate of from 15 to 18 miles per day. In the northern half of the 
Indian Ocean the trades are suspended entirely during the north- 
ern summer, but resume their sway in winter. (See Monsoons, 
page 78.) 

2. Equatorial Calms. The boundary between the northeast 
and southeast trades, is formed by the zone of the ascending 
current, from 4° to 6° in breadth, adjacent to the thermal Equa- 
tor. The mean position of this zone is, in the Atlantic, between 
3° and 9° north latitude ; in the Pacific, between 4° and 8° north. 
In the continents it is usually found between 3° south, and 4° 
north latitude. 

Here the ascending current overpowers the horizontal ; and, 
as the upward motion is not perceptible to the observer, the 
atmosphere seems to be in a state of rest; hence this belt is 
designated the Zone of Equatorial Calms. (See Fig. 32, and 
Map of tlie Winds, page 80.) 

The apparent equilibrium of the air, however, is very easily 
disturbed. Descending currents, sudden gusts of wind from any 
direction, whirlwinds, and hurricanes, are of frequent occur- 
rence. Hence this belt is sometimes called the Equatorial zone 



of variable winds. In each great ocean this zone is considerably 
broader at the east than at the west. It is almost absent in the 
Indian Ocean. 

3. Tropical Calms. At the tropical limits of the trades, 
also (see Map of the Winds), there are zones of calms, designated 
the Calms of Cancer and the Calms of Capricorn. These, how- 
ever, are less defined than the equatorial calms. They occupy 
a belt of a few degrees, in which the return current of the 
upper air, called the return-trade, first appears at the surface of 
the Earth ; and where it divides, a part continuing towards the 
poles, and the remainder re-entering the trade zone and return- 
ing to the Equatorial calm belt. 

4. Oscillation of Trades and Calms. The position of 
the trades, and of the intervening and adjacent calms, changes 
with the seasons, all advancing northward, and retiring south- 
ward, with the apparent motion of the Sun. The extreme 
northward position of the trades is reached in August and Sep- 
tember, and the southward in March and April. (See diagram, 
Limits of Trades, in Map of Winds.) 

In the oceans, the belt of Equatorial calms is north of the 
Equator in all seasons; and the Calms of Cancer are farther 
from the Equator than the Calms of Capricorn. These posi- 
tions indicate a higher average temperature in the northern 
hemisphere than in the southern. 

5. General Land Winds. The trades, as has been observed, 
lose their constancy of character under the influence of the con- 
tinental reliefs ; still, prevailing easterly winds occur, so far as 
known, on the great plains within the zone of trades. They 
are felt in a part of the Sahara ; and in the basin of the Amazon 
they sweep, without interruption, across almost the entire breadth 
of the continent. Though gentle, in the east, like the trades of 
the ocean, their force increases considerably near their western 
limit. 

Humboldt found at the base of the Andes, the east wind so strong that one 
could scarcely stand against it ; and it is said that, on account of the constant 
east wind, the voyage up the Amazon, against the powerful current, is made 
quite as rapidly as that down the stream. 

ANALYSIS OF SECTION IV. 

I. Equilibrium of Atmosphere. 

1. Conditions of Equilibrium of Air. 

2. disturbance of equilibrium. 

a. Effect of inequality of temperature. 

b. Resulting currents. 

c. Course of ascending air. 

d. Effect if Inequality be permanent. 

e. Effect if Inequality be temporary. 

H. General Circulation of Atmosphere. 

1. Winds. 

a. Definition. 

b. Classes. 

2. General Currents. 

a. Zone of minimum density. 

b. Movement of air towards this zone. 

c. Movement of air from this zone. 

d. General currents resulting. 

e. Explanation of Fig. 32. 

8. Directions of General Currents. 

a. Probable direction In absence of disturbing causes. 

b. Effects of the rotation of the Earth, 
e. Direction of polar currents. 

d. Direction of return currents. 

e. Other causes of modification. 
4. Wind Zones. 

a. Number. 

b. Names and position. 

HI. Zone of Trades and Calms. 

1. Trade Winds. 

a. Definition. By whom first observed. 

b. Where occurring regularly. 

c. Place of begin niug oil oceans. 

d. Velocity. 

e. Trades of the Indian Ocean, 
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2. Equatorial Calms. 

* a. Position In regard to trades. 

b. Breadth of calm belt. 

c. Cause of calm belt. 

d. Disturbance of equilibrium. 

3. Tropical Calmb. 

a. Position in regard to trades. 

b. Breadth and character of region. 

4. Oscillations of Tbadsb and Calms. 

a. Change of position caused how. 

b. When farthest northward. 

c. When farthest southward. 

d. Position of calm belt in regard to equator. 
6. Ginibal Land Winds. 

a. Character of trades on land. 

b. Winds of Sahara, and Amazon basin. 

V. — WINDS (continued). 
I. Periodical Winds. 

1. Monsoons. The name monsoon, from the Arabic word 
moussim, season, is applied to the periodical winds which replace 
the trades, in the northern half of the Indian Ocean, and in the 
adjacent portions of the Pacific. During the northern summer 
the wind blows from the southwest, during the opposite season 
from the northeast. The monsoons are due to the unequal heat- 
ing, in different seasons, of the great land-masses which enclose 
the Indian Ocean. 

The extent of land within the tropics, and the position of 
vast masses on opposite sides of the Equator, is such as to in- 
tensify to the greatest degree their disturbing influence upon 
the atmospheric currents. Only in the interior of the Indian 
Ocean, south of the Equator, does the trade wind blow regu- 
larly throughout the year. 

Daring the northern summer, southern Asia, under the rays of the vertical 
Sun, becomes intensely heated ; and the cooler and denser air of the adja- 
cent ocean, and of southern Africa, flows towards it, producing the south- 
west monsoon, which lasts from April or May to September or October. The 
time of its beginning and its close varies in different latitudes, according to 
the time at which the sun is vertical in each. 

During the southern summer, southern Africa being under the vertical Sun 
and intensely heated, the cooler air of the surrounding seas, and of southern 
Asia, flows towards it. This produces the northeast monsoon, which lasts 
from October or November to April. This monsoon is, in fact, only the 
regular northeast trade wind somewhat intensified. 

A similar exchange takes place between Asia and Australia, but it is less 
marked, owing, perhaps, to the great islands lying between these continents. 

The period of transition of the monsoons, in spring and autumn, is marked 
by sudden and violent gales, and terrific thunder storms. Destructive 
hurricanes, also, are of frequent occurrence. 

Narrow monsoon belts occur in the Atlantic along the coast of 



Africa, and of Brazil; also on the Pacific coasts of North and 
South America (see Map of the Winds) ; but the phenomena 
they exhibit are of a much less striking character. On the Af- 
rican coast, in general, the winds blow from sea to land in sum- 
mer, from land to sea in winter ; on the Brazilian, the wind is 
from the northeast in summer, while in winter the southeast trade 
resumes its sway. The monsoons of the Pacific coast of America 
blow from the northwest and north during the southern summer; 
from the southwest and south during the northern. 

2. Diurnal Land and Sea Breezes occur along all coasts, 
whether in the zone of trades or of variable winds ; but the phe- 
nomenon is more strongly marked in the tropical regions, and in 
the summer of the temperate latitudes, because of the greater 
difference in the temperature of land and sea by day and by night. 

During the hottest part of the day the air over the land fre- 
quently reaches a temperature of 100° Fahr., and even more, while 
that over the sea rarely rises above 80°. During the night the land 
radiates its heat with such rapidity that, towards morning, its 
atmosphere may be from 10° to 15° colder than that of the sea. 

Soon after sunrise, the land being warmer than the sea, a sea 
breeze sets in, which increases in force until about three o'clock, 
when the difference of temperature is greatest. It then gradu- 
ally diminishes until about sunset, when, the temperature of the 
land and sea having become equal, the atmosphere is at rest, 
the calm continuing for an hour or more. 

Soon the land becomes cooler than the sea, and a gentle breeze 
from the former sets in. It increases in force as the night ad- 
vances, becoming strongest a little before morning, when the tem- 
perature of the land is lowest ; after which it rapidly dies away, 
and is succeeded by a calm, to be soon replaced by the sea breeze. 

Similar diurnal breezes occur on the shores of all great lakes, and also at 
the foot of high mountains. The inclined surface of the mountain slopes 
has, while under the rays of the Sun, a higher temperature than the atmos- 
phere, at corresponding altitudes, above the lowlands. Hence it becomes 
the natural channel for the ascending currents of warm air from the adja- 
cent plains ; and, consequently, a breeze ascends the valleys, towards the 
mountains, during the hottest part of the day. 

3. Local Land Winds, of a peculiar character, occur more or 
less periodically, in different parts of the warm zones. The Sirocco 
of the Mediterranean shores, the Khamsin of Egypt, the Samiel or 
Simoom of Syria and Arabia, and the Harmattan of Guinea, are local 
names for a violent, hot and dry wind from the adjacent deserts. 

In Guinea the desert wind blows from the northeast and east ; 



QUESTIONS ON THE MAP OP THE WINDS. (See Map, pages 80, 81.) 



Explain the coloring of this map. (See bottom of map.) 

How is the direction of the winds indicated ? (See explanation of arrows.) 

How are periodical winds represented ? 

In which ocean does the belt of trades extend farthest from the equator ? 

On which shore of the Atlantic and the Pacific is the northeast trade belt 
broadest ? 

Where is the southeast trade belt broadest ? 

In what part of the oceans are the equatorial calm belts most extensive ? 

What name is given to the region of equatorial calms in the Atlantic ? 

What (see diagram in left hand margin) is the summer limit of the northeast 
trades in the Atlantic ? The winter limit ? 

What are the summer and winter limits of the southeast trades ? 

In what part of the Indian Ocean do the trades blow with regularity ? 

Near what islands are the northeastern and southeastern limits of the Pacific 
monsoon region ? 

What are the directions of the monsoons in the seas adjacent to Australia ? 

What are their directions in the Asiatic and African seas ? 

In what part of the year does each current prevail ? 

Why ? (See Monsoons, above.) 

What are the directions of the winds in the Brazilian monsoon belt ? 

What winds prevail in the southern part of South America ? 

What is the direction of the winds on the west coast of South America? 

When does each direction prevail ? * 



What is the direction of the wind in the portion of the Pacific near the Isthmus 
of Panama ? 

What is the usual direction of the winds on the Atlantic shores of Africa? 

What are the prevailing directions of the wind between the parallels of 30° and 
60°? 

How do these winds differ in character ? 

What is the direction of the polar winds in eastern North America and eastern 
Asia? 

In western Asia, Europe, and northwestern North America ? 

What causes this difference in direction ? (See page 79, Topic H., 3.) 

What is the direction of the prevailing winds in the Arctic seas? 

What is the position of the hurricane region of the New World ? 

Where are the hurricane regions of the Old World ? 

Where do the typhoons of the Asiatic seas originate ? What is their course ? 

Where do the Mauritius hurricanes start, and in what direction do they move ? 

What is the place of origin of the West India hurricanes ? What is their course ? 

What (see diagram in the right hand margin) are the intervening directions in 
a change of the wind, in the northern hemisphere, from northeast to southwest ? 

What is the effect of this change on the thermometer and the barometer? 

What is the order and effect of a change from southwest to northeast ? 

What is the order and effect of a change, in the southern hemisphere, from a 
northwest to a southeast wind ? 

From a southeast to a northwest wind ? 
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on the Mediterranean shores, from the southeast, south, and 
southwest ; in Syria, from the south and southeast ; and in 
Arabia, from the interior towards all points of the compass. 
The Sirocco, advancing across the Mediterranean, is felt in 
Sicily and Italy; and is known in southern Spain as the Solano 
or Levanter. 

The name, Khamsin, meaning fifty, indicates the length of the season, 
— about fifty days, including the month of May and a part of April and June, 
— during which this wind may blow. Simoom means hot as well as poisonous. 

These desert winds are not continuous, but occur at intervals during the 
two or three months of greatest heat, lasting from one to fifteen days at a 
time. They usually blow in successive blasts, which differ in temperature, 
sometimes by more than 20° Fahr., and alternate with great rapidity. Dry, 
laden with the impalpable dust of the desert, and subject to such rapid alter- 
nations of temperature, they are exceedingly oppressive and exhausting to 
the human system, and not infrequently cause death by prostration. 

The Etesian Winds are northeasterly and easterly winds which 
blow, during the latter part of summer, over Greece, the Archi- 
pelago, and the Mediterranean, towards the continent of Africa. 
They commence near the middle of July, when the heat is greatest, 
and continue until September, blowing only in the day-time. 

The Northers of Texas are violent, cold, dry winds, which 
descend from the upper air, and occur chiefly in winter. They 
sweep over Texas, Louisiana, and the table-lands of Mexico, some- 
times carrying their cold blasts even to the Antilles, where they 
present a striking contrast to the gentle and genial trade winds. 

II. Zone of Variable, or Alternating Equatorial or Polar, 
Winds. 

1. Prevailing Currents. Within this zone, which extends 
from the vicinity of the tropics to the polar circles, the winds 
are not periodical, but blow during the year from every quarter 
of the horizon, without apparent order. Two general currents, 
however, the polar winds and the return-trades, predominate to 
such an extent that they may be considered the prevailing, or 
normal currents, of these latitudes. 

Differing in temperature, and flowing side by side, or one above 
the other, but in opposite directions, they constantly encounter 
each other and struggle for the mastery. Their conflicts produce 
the frequent storms which characterize these zones ; and the dis- 
placement of the one by the other always involves a marked 
change of weather. The return-trade brings heat, and clouds 
or rain ; but the polar winds bring cold, dry weather, a bracing 
air, and a clear sunny sky. 

The other winds blowing in these zones are either the transi- 
tion winds, which occur during the displacement of one current 
by the other; or are the result of the deflection of these normal 
currents, by mountain ranges or other peculiarities of the con- 
tinental reliefs. 

2. Succession of Winds. The return-trades and the polar 
winds usually displace each other in an order indicated by Prof. 
Dove, and called by him the law of the rotation of the winds. 
This order of succession must not be confounded with the veer- 
ing of the wind from point to point in a revolving storm, which 
has a different origin. (See Revolving Storms, page 82.) 

In the northern hemisphere, generally, when the return-trade is 
displaced by the polar current, the wind blows successively from 
the west, the northwest, and the north, and settles in the north- 
east. In eastern North America, however, it settles in the north- 
west. (See Topic 3, below.) When the polar wind is displaced by 
the return-trade, the successive changes are to the east, southeast, 
south, and finally to the southwest. (See diagram in Map of Winds.) 

In the southern hemisphere the order of transition is reversed, 



as is also the character of the currents. The northwest wind is 
the warm, moist return-trade ; while the southeast is the cold, 
dry polar wind. The transition is from the northwest by the 
west, southwest and south to the southeast ; and from the south- 
east by the east, northeast, and north, to the northwest. 

The effect of the transition of the winds is manifest, both in the 
density and the temperature of the air. When the return-trade 
blows, the air being warm, moist and light, the thermometer is 
high and the barometer low. When it is displaced by the polar 
current, the thermometer falls and the barometer rises. 

3. The starting points of the polar winds are in the 
centres of lowest temperature, on the Arctic shores of Asia and 
North America. (See Map of Temperature, pages 74, 75.) 

The expansion of these two continents at the north is such that 
a great extent of land lies in the immediate vicinity of the 
Arctic circle. This large area of Arctic land, combined with 
the long nights of a winter lasting nearly or quite half the 
year, converts the northern regions of Asia and North America 
into vast refrigerators, where the atmosphere, during the north- 
ern winter, is reduced to its minimum temperature and its 
greatest density. 

From here the cold, heavy air presses towards the oceans at the 
east and the west, and the more southerly warm lands. Hence 
Eastern Asia and North America, especially in high latitudes, re- 
ceive their coldest winds from the northwest and north ; while 
Western Asia and Europe receive them from the northeast. 

As the cold air advances towards the equator, and falls increas- 
ingly under the influenoe of the Earth's rotary motion, it tends 
more and more to become everywhere a northeast wind. But 
in North America the great barrier of the Rocky Mountains, which 
is highest in the middle latitudes, turns it out of its southwest- 
erly course, and deflects it towards the southeast ; hence through- 
out our Atlantic seaboard, even to the sub-tropical regions, the 
cold, dry winds are from the northwest. (See the Map of the 
Winds.) 

As the sun advances northward in the spring, his genial beams 
impart a constantly growing warmth to the Arctic lands ; and 
the rapidly increasing length of the days accelerates the change 
from a low to a high temperature. Thus the fountains of the cold 
winds are gradually dried up; the pressure of the northern air 
is diminished ; and, during the summer, the warm gentle return- 
trades have almost undisputed sway nearly to the Arctic circle. 

4. Range and Effects. The polar currents, having their 
origin in the Arctic lands, take their course, in general, over 
the surface of the continents, while the retumrtrades prevail 
upon the oceans. This fact accounts for the low average tem- 
perature of the interior of the continents, in middle latitudes, 
in comparison with that of the oceans, as indicated by the 
isothermal lines. 

In the middle and northern portions of the zone of variable 
winds, the return-trades are the dominant winds during the 
summer, the polar winds during the winter. The period of 
transition, occupying several weeks following the equinoxes, is 
one of almost incessant conflict; hence the severe storms, and 
frequent changes of wind and weather which characterize those 
seasons of the year. 

The final establishment of the return-trade, with its genial tem- 
perature and fertilizing showers, ushers in the summer ; its final 
retreat before the polar winds, toward the close of the year, opens 
the winter. The continuance of the return-trade beyond its 
average time of displacement produces a "late autumn," and 
that of the polar winds,, a " late spring." 







imtkt YmtJW, «#!▼*■■,: 




IE WORLD 

culation of the 




f STORMS, 



K>rciiziK to 

20 



I 

Explanation of Arrows. 

The Arrow thow the direction of the Winds. The head 
mark* the point qf the compote towards which the Wind moves; 
the opposite end that from which it blows. 

Thus >y indicates a North West Wind blowing towards 
South Bast. 

/* indicates a South West Wind blowing towards 
North East. 

)x( ' Monsoons, or Season Winds, blowing periodicaUv 
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REVOLVING STORMS. 



ANALYSIS OF SECTION V. 

I. Periodical Winds. 

1. Monsoons. 

a. Definition, direction, and cause. 

b. Monsoons of Indian Ocean explained. Transition. 

c. Minor monsoon belts. Position and character. 

2. Land and Sea Breezes. 

a. Where occurring and why. 

b. Daily alternation of temperature within the tropics. 

c. Sea breeze, when and how caused. Land breeze. 

d. Inland diurnal 'breezes. 

3. Local Periodical Winds. 

a. Desert winds. Names and character. Directions. 

When and how occurring. Effects. 

b. Etesian winds. Northers. 

II. Zone of Variable Winds. 

1. Prevailing Currents. 

a. Character of winds in this zone. 

b. Normal currents of this zone. 

c. Effect of juxtaposition and opposite directions. 

d. Character of other winds. 

2. Succession of Winds. 

a. Law of rotation signifies what. By whom discovered. 

b. Order of displacement In northern hemisphere. 

c. Order of displacement in southern hemisphere. 

d. Effects of transition how manifested. 

3. Starting Point of Polar Winds. 

a. Effect of expansion of lands in northern regions. 

b. Atmosphere of northern lands in winter. 

c. Motion of cold, heavy air. 

d. Direction of winds in eastern Asia and North America. 

e. Direction of winds in western Asia and Europe. 

f. Effect of approach of current to equator. 

g. Exception in North America. 

h. Effect of advance of sun northward. 
4. Sweep of Prevailing Currents. 

a. Path of polar winds. 

b. Path of return trades. 

c. Effect on comparative temperature of continents and oceans. 

d. Dominant winds in different seasons. 

e. Period of displacement. 

f. Effect of final establishment of either current. 

g. Effect of unusual prolongation of either. 



VI. — REVOLVING STORMS. 
I. Introduction. 

When currents of air, moving in different directions, encounter 
each other, they produce a rotary motion in the atmosphere, 
such as is seen in the small 
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whirlwinds which often lift 
up the dust of our streets 
in summer. Such a move- 
ment on a grand scale is 
a revolving storm or cy- 
clone} to which various lo- 
cal names are given. When 
the conflicting currents of 
air are of very different 
temperatures, these storms 
are usually accompanied 
by the condensation of va- 
por, producing rain, snow, 
or hail, and not infrequent- 
ly by vivid electrical dis- 
charges. 

Cyclones vary in the na- 
ture and violence of their 
phenomena, according to 
their immediate cause. The 
most remarkable for violence, and for the regularity of their 
course, are the hurricanes of the West Indies, and of Mauritius 
in the Indian Ocean ; the typhoon* of the South China Sea ; and 
the cyclones of the Gulf of Bengal. 

1 From the Greek kuklot, a circle. 



xo 
ao 

30 
40 

50 




8. Hemisphere. 



50 

40 

30 

ao 

10 

o 

10 

30 

30 

40 

50 



FIG. 33. COURSE OP CTCL0NE8. 



The peculiar position of these great cyclone regions of the 
globe, at the southeast of the largest continent and under the 
tropics, seems to indicate that these storms are the result of a 
conflict, in the upper air, between the general winds of the 
temperate and tropical zones, intensified by the disturbing influ- 
ence of the great land masses. 

II. Law of Storms. 

1. Motions. Observations upon the winds and the pressure 
of the air, during cyclones, have been collected with great 
care and industry by 
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Mr. Redfield of New 
York, Gov. Reid of 
Bermuda, Piddington 
of Calcutta, aiid Pro- 
fessor Dove of Ger- 
many. They all go to 
prove that, in these 
storms, the air rotates 
with great velocity, 
around a centre where 
calm prevails and the 
barometric pressure is 
least. 

Everywhere, on op- 
posite sides of this cen- 
tre, the wind blows 
from opposite direc- 
tions ; while the storm 
itself has a rapid pro- 
gressive motion, and 
always advances from 
lower to higher lati- 
tudes. 

In the northern hemi- 
sphere the rotary mo- 
tion is from right to 
left, or contrary to that 
of the hands of a 
watch; while the pro- 
gressive motion, with- 
in the zone of trades, 
is towards the north- 
west, and beyond that 
zone, towards the north- 
east. (See Fig. 33.) 

In the southern hemisphere the rotary motion is from left to 
right; the progressive, in the zone of trades, is towards the 
southwest, and beyond that limit, towards the southeast. 

The progressive motion, therefore, diverges slightly from the 
direction of the trade-winds within their limits, and follows 
that of the return-trades in the zone of variable winds. Hence 
it would seem to be connected with the general currents of the 
atmosphere. 

2. Origin and Progress. The cyclones usually begin within 
the tropics, but extend far into, the temperate regions, where 
they gradually spend their force. The West India cyclones, 
called hurricanes (see Map of Winds\ generally originate in 
the eastern Antilles, moving northwestwardly to the coast of 
Florida. About the limit of the trades, they turn nearly at a 
right angle, and sweep over the eastern coast of North America 
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and the adjacent waters of the Atlantic ; then crossing the ocean, 
they reach western Europe, beyond which they finally expire. 

The Mauritius hurricanes start in mid-ocean, south of the 
Equator, move southwestward, sweeping over the islands of 
Mauritius and Reunion, and turn southeastward at the limit 
of the trades. The typhoons, originating in the tropical seas 
of India and China, move with the monsoons within the zone of 
trades, turning northeastward beyond that zone. 

A familiarity, on the part of navigators, with the Law of Storms, will enable 
them to steer oat of the track of a cyclone ; for by observing the direction and 
veering of the wind, it can be known Into what part of one a vessel fs entering. 

In the northern hemisphere, within the tropics, if the wind strikes a ship 
from the northeast, and veers to the north, the centre of the cyclone must be to 
the southeast ; and as the storm advances towards the northwest, a southwest- 
erly course will presently carry the vessel beyond Its limits. Within the temper- 
ate regions, where the storm advances towards the northeast, the course of the 
vessel, under the same circumstances, must be towards the northwest. (See 
Storm Card*, Fig. 34, 35.) 

In the southern hemisphere a northwest wind, veering to the north, shows the 
centre of the storm to be southwest of the ship. Her course, therefore, should be 
to the northwest within the tropics, and to the northeast In the temperate regions, 

3. Extent and Period. All these storms alike, cover only 
a small area at their point of origin, but their violence is ex* 
treme. As they 

advance their 
circle gradual- 
ly enlarges, 
while their fury 
diminishes. 

The West 
India hurri- 
cane of 1839 
had, in the An- 
tilles, a diame- 
ter of 300 
miles, which in- 
creased to 500 
at the Bermu- 
das, and 800 on 
the parallel of 
50° north lati- 
tude. 

Cyclones oc- 
cur most fre- 
quently soon 
after the Equi- 
noxes, at the 
time of the 
transition o f 

the Beasons and the general winds. According to Poey, out of 
365 which desolated the West Indies between the years 1493 
and 1855, two-thirds of the whole number occurred between 
August and October. 

4. Aspect. Except the great volcanic eruptions and earth- 
quakes, no natural phenomenon is more awe-inspiring than these 
tremendous tempests. The portentous calm, and lurid sky 
which precede the bursting of the storm ; the profound obscu- 
rity which follows the descending clouds ; and the extreme vio- 
lence of the wind, — uprooting whole forests, overthrowing the 
most solid edifices, sinking the largest ships in a few moments, 
or uplifting them bodily to break them on the shore, covering 
the Earth throughout its course with ruin and desolation, — 
place the cyclones among the long-remembered events whose 
recurrence is dreaded by all. 



Observed In the Medlicrmnean, ni 



5. Northeasters. The great northeasterly winter storms 
of our latitudes, are but the left, or western, half of a revolving 
storm. Hence it is easy to understand why the wind, though 
blowing from the northeast, is felt at Washington and Phila- 
delphia earlier than at New York and Boston. 

Suppose the storm first strikes a place with a southeast wind, as at the point 
A In Fig. 34, In the western half of the storm. As it advances northeast ward, 
passing over the point A, on the line A B, the wind blows successively from the 
east, northeast, north, and Intermediate points, finally reaching the northwest 
(as at B). Then the storm ends, leaving the weather clear and cold. 

In the eastern ha(f of the storm (as at C, Fig. 34], the wind blows succes- 
sively from the southeast, south, southwest, west, and intermediate points, the 
storm ending as before with a northwest wind. As the storm advances from 
southwest to northeast, the more southerly and westerly places are necessarily 
the first to feel its force. 

If the centre of the storm passes over a place, the southeast wind, which 
blows continuously during the first half. Is followed by a calm, with low barome- 
ter. After this lull the northwest wind sets in abruptly, and blows until the 



III. Tornadoes and Water-Spouts. 

1. Their Natdre. Tornadoes and water-spouts repeat on a 
small scale, though with scarcely less violence, the phenomenon 

of the cyclones. 
When oppos- 
ing winds of 
different tem- 
peratures meet 
in the upper 
atmosphere, a 
whirling mo- 
tion is pro- 
ihiced, drawing 
down the cold 
iiir above, and 
a vast amount 
of vapor is con- 
densed into a 
thick black 
cloud. 

Soon, with 
increasing ra- 
bidity of rota- 
liun, the whirl- 
ing mass takes 
the shape of a 
vast funnel, de- 
on., 1827. scending lower 
and lower into 

the quiet atmosphere beneath, drawing up in its vortex all 
objects within its path. On its track, varying from a few yards 
to a quarter of a mile in width, trees are uprooted, and houses 
unroofed or carried up into the air by the fearful power of the 
tornado. 

When passing over deserts the tornado lilts up the loose sand 
of the surface, which it often transfers to a distance, letting it 
fall as it spends its force, -forming mounds and hillocks. In this 
way the aspect of the surface of the deserts is often materially 
changed. 

A tornado passing into the sea forms a waterspout. The de- 
scending funnel, approaching the surface of the water, lifts up 
a column of spray, which joins in its rotary motion, thus bind- 
ing together, as it were, the clouds and the sea. 
The above illustration, drawn from nature, represents a nmn- 
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ber of water-spouts, which occurred within a short distance from 
each other, showing the various forms and stages of this re- 
markable phenomenon. 

2. Origin and Course. Tornadoes, like cyclones, usually 
move with the return-trades. They seem to be due to a con- 
flict, in the upper air, of local currents, encountering each other 
in an atmosphere highly charged with vapors. A great number 
originate over the vast plains west of the Mississippi River, and 
sweep towards the northeast, spreading desolation along their 
narrow track. 

ANALYSIS OF SECTION VI. 



I. Introduction. 



a. Cause of rotary movement in the air. 

b. Cyclone. Definition. Significance of term. 

c. Accompanying phenomena. 

d. Difference in cyclones. 

e. Examples of cyclones. 

f . Position of cyclone regions. Conclusion therefrom. 

H. Law of Storms. 

1. Motion. 

a. Character and centre. 

b. Winds on opposite sides of centre. 

c. Cyclones of northern hemisphere. 

d. Cyclones of southern hemisphere. 

e. Connection with general winds. 

2. Origin and Progress. 

a. Latitude of beginning. 

b. Course of West India hurricanes. 

c. Course of Mauritius hurricanes. 

d. Means of escaping from these storms. 
8. Extent and Period. 

a. Area In different parts of course. Example. 

b. Time of most frequent occurrence. 
4. Aspects. 

a. Impression created. 

b. Pheuomena noted. 
6. Northeasters. 

a. Character of these storms. 

b. Changes of wind. 

HX Tornadoes and Water-Spouts. 

1. Their Nature. 

a. Resemblance to cyclone*. 

b. How produced. 

c. Form and effects. 

d. Tornado on the desert. Water-spouts. 

2. Origin and Course. 

a. Track of tornadoes. 

b. Probable cause. 

c. Place of origin. Direction. 



VII. — DISTRIBUTION OF VAPOR IN THE ATMOS- 
PHERE. 

I. Humidity of the Atmosphere. 

1. Evaporation. Water, whether in the sea or on land, is 
slowly transformed into invisible vapor, which, being much 
lighter than air — as 3 : 5 — rises, and is diffused through every 
part of the atmosphere. Thus the latter beepmes the great 
reservoir of aqueous vapors. 

The capacity of the air for the absorption of vapor increases 
with its temperature ; but, at any given temperature, there is a 
certain limit beyond which it can receive no more. When filled 
to its utmost capacity it is said to be saturated with humidity, 
and the least lowering of the temperature causes a condensation 
of moisture in the form of dew, fog, clouds, or rain ; but if the 
temperature is raised, the capacity for vapor being increased, 
absorption recommences. 

As long as the amount of vapor present in the air is much less than is re- 
quired for saturation, evaporation goes on rapidly, and the air continues to 
absorb the rising vapors. It is, therefore, called dry air. 

When the air is nearly saturated, evaporation proceeds but very slowly; when 
saturation is reached, evaporation ceases, and the air is moist or humid. 

From the following table it is evident that, by a simple change of tempera- 
ture, the air may be changed from moist to dry, or the reverse, without any 
change in the absolute amount of vapor it contains. 



The weight of vapor contained in a cubic foot of saturated air, at tempera- 
tures varying from 20° to 100° Fahr., ascertained by careful observation, is given 
in the following table : — 



Temperature of Air. 



20* Fahr. 
32° " 
50 # " 
62* " 



Weight of vapor In a cubic 
foot of saturated air. 



1.30 grains Troy. 
2.13 " 
4.09 •• " 

6.15 •« " 



Temperature of Air. 



70 - Fahr. 
80* " 
80° " 
100* " 



Weight of vapor In a cubic 
foot of saturated air. 



8.00 grains Troy. 
10.95 " 
14.81 " 
19.79 « M 



The relative humidity of the air is the ratio which the absolute 
amount of aqueous vapor it contains, bears to the amount re- 
quired for saturation at the same temperature. The degree of 
moisture contained is expressed by the fraction of saturation. 

If the air, at the temperature of 50° Fahr., contains but two grains of vapor 
to the cubic foot — one-half of that required for saturation — its relative hu- 
midity will be expressed by the fraction £, or its equivalent 50 per cent ; but if 
the temperature be raised to 70° Fahr., with no addition of vapor, the air will 
contain but \ of the amount required for saturation, and its relative humidity 
will be 25 per cent. If, on the contrary, the temperature be lowered, the rela- 
tive humidity will be increased until saturation is finally reached and conden- 
sation begins, which, as is shown by the table, will not take place until the 
temperature is reduced to 32° Fahr. 

2. Dew Point. The temperature at which saturation is 
complete, and the invisible vapor of the air begins to condense, 
is called the dew point. It is evident that, the less the relative 
humidity, the greater will be the difference between the tem- 
perature of the air and the dew point. In the above examples, 
the temperature of the dew point being 32°, that difference is 
respectively 18° and 38°. 

Both the relative and the absolute humidity of the air may be ascertained 
by a simple experiment. Suppose the temperature of the air to be 70° Fahr., 
requiring, according to the above table, 8 grains of vapor to the cubic foot, for 
saturation. Place the bulb of a thermometer in a glass of water, gradually cool 
the latter with ice, and note the temperature at which moisture begins to appear 
on the outer surface of the glass. This is the dew point of the air, which we 
will suppose to be 50°. The number in the table opposite this temperature 
shows the absolute amount of vapor contained in the air, which is 4.09 grains 
to the cubic foot. This amount divided by 8, the amount required for satura- 
tion, gives 0.51, or fifty-one per cent., for the degree of the relative humidity. 

Visible masses of vapor resting on, or near, the ground are 
called fogs; while those floating in the air at a considerable 
height are distinguished as clouds. 

3. Forms of Clouds. Clouds are classified according to their 
forms, which depend mainly upon the mode of formation. The 
principal forms are the cirrus, feather, or curl-cloud ; the cumu- 
lus, or heaped cloud ; the stratus, arranged in long horizontal 
bands ; and the nimbus, a dense, formless cloud, with ragged 
edges and the bottom breaking into rain-drops. Several inter- 
mediate forms also occur, among which the cirro-cumulus, or 
fleecy cloud, is most conspicuous. (See illustration, page 85.) 

The cirrus and cirro-cumulus clouds are the highest, are mostly 
in the altitudes of perpetual frost, and are supposed often to 
consist of minute ice crystals. In temperate latitudes they are 
usually formed in, and move with, the upper air current, or 
return-trade, from the tropical regions. 

The cumulus clouds are characteristic of the tropics, and of 
the summer days in middle latitudes, their height depending 
upon the relative humidity of the air. They are formed by 
local ascending currents, which carry a large amount of vapor 
into the cooler upper air. There the vapors are condensed, and 
are gradually heaped up into these heavy masses of sharply 
defined clouds, which look like vast snowy mountains. Their 
base is horizontal, and marks the height at which the dew point 
is reached and condensation begins. 
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The accumulation of vapors ia often bo great that these clouds 
form a column several thousand feet high. In this case the dif- 
ference in the temperature and the electrical conditions of the 
upper and lower portions, is such that electrical discharges take 
place, accompanied by condensation of a portion of the cloud, 
forming a thunderstorm. (See page 89, II., 1.) 

Stratus clouds are most frequently Been in the morning or 
evening, and are always low. They are formed by the descent 
of the higher clouds and vapors of mid-day, into the lower 
air, as the temperature decreases. They are more frequent in 
winter and summer than in the intermediate seasons. 

The nimhut cloud is more dense and heavy than the others, 
which may all he transformed into the nimbus by a diminution 
of temperature. It is of a dark leaden hue, changing into 
gray. This is the most common form of cloud in polar lati- 
tudes ; and, during the cold season, it is the most frequent of 
the temperate 
zones. 

4. The AVEH- 

AGE HEIGHT OF 
THE CLOUDS is 
greatest in the 
tropical lati- 
tudes, and in the 
summer of the 
temperate ; and 
least in the po- 
lar regions, and 
in the winter of 
the temperate 
zones. 

As raindropt 
constantly in- 
crease in size, 
by the accumu- 
lation of mois- 
ture from the air 
through which 
they fall, it is 
evident that "r nun*. vynuiu jtoMiiii.ii 

their size will „ HBB „ 

depend upon the 

height of the clouds whence they descend, as well as upon the 
rapidity of condensation. Hence tropical rains and summer 
showert fall iu large, heavy drops; while drizzling rains, mists, 
and fogs are characteristic of cold latitudes, and of the cold 
season of middle latitudes. 

XI. Condensation. 

1. Causes op Condensation, Condensation and rain are 
mostly caused by the cooling of currents of warm air laden 
with aqueous vapors. 

A warm wind starting from the tropics clear and dry, and 
advancing into cooler latitudes, continually diminishes in tem- 
perature. Hence, without receiving additional vapors, its rela- 
tive humidity constantly increases until saturation is reached, 
when the air becomes moist and cloudy, and finally rain falls. 

A cold wind, on the contrary, starting from the polar regions 
saturated with vapor and full of clouds, and advancing to 
warmer latitudes, has its capacity for moisture constantly in- 
creased. Hence it becomes at every step less humid, and its 
clouds dissolve, leaving the air clear and dry. Our northwest- 



erly winds, and the Etesian winds, which bear the vapors of the 
Mediterranean into the Sahara, are examples of this change. 

Thus warm winds, blowing towards cooler regions, bring 
rain ; while cold winds, advancing to warm climates, bring fair 
weather and drought. When the two are intermingled, the 
temperature of the former is reduced, and cloudiness or rain is 
the result. 

Ascending currents give rise to similar phenomena. The 
warm air, laden with vapors exhaled from the heated surface of 
land or sea, rising into the upper regions of the atmosphere, 
expands and becomes cool ; and its vapors, condensing rapidly, 
return to the ground in copious showers. Thus are produced 
the rains of inter-tropical regions, and the summer showers of 
middle latitudes. 

2. Influence of Relief and Surface. Mountain chains, 
in general, act as condensers, especially when lying across the 
path of warm 
winds. Upon 
the side exposed 
to the wind, the 
air is forced up- 
ward along the 
slopes, and its 
vapors are con- 
densed into 
clouds, whence 
torrents of rain 
fall ; while on 
the opposite side 
it descends, with 
increasing tem- 
perature, as a 
dry wind. 

Thus tbe Andes 
Mountain*, inter- 
cepting the vapors 
borne by tbe south 
east trades of South 
America, separate 
the moist plains and 
•—*. oummDMULin. £" Sinatra. luxuriant forests of 

•»-' tbe Amazon and 

■ cumto. Paraguay basins, 

from tbe rainless and 
barren coasts of Peru and Bolivia. The Sierra Nevada, in California, and the 
Cascade Range, in Oregon, lying across the path of the warm return-trades, 
separate well watered and fruitful coast regions from a dry and barren interior. 

The Scandinavian Mountain*, in Europe, rob the southwest return-trade of 
its vapors, so that, though it brings rain in Norway, it is the fair-weather wind 
in Sweden. On the southern slopes of tbe Alps from 80 to 80 Inches of rain 
fall anually, varying with the locality, while the northern slope receives but 35 
inches. The Himalaya Mountains and the Western Ghauts, In India, interpose 
a like barrier to the vapors borne by the southwest monsoons, and occasion 
similar contrasts in the rainfall upon their opposite slopes. 

Plateaus usually receive less rain than other forms of relief, 
because the mountains, which form the borders of the greater 
number, prevent the vapors borne by the wind from reaching 
them. Again, the air resting upon these broad elevated sur- 
faces, which absorb the powerful rays of the Sun (page 72, II., 
2), is, in summer, warmer than the surrounding atmosphere ; 
hence it tends to dissolve, rather than to condense, the vapors 
borne into it by lateral currents. 

The nature and covering of the soil also has an influence upon 
the condensation of the vapor in the' air. A barren region, 
with nothing to shield it from the burning rays of the sun, 
becomes intensely heated ; and imparts to the superincumbent 
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air so high a temperature as to dissipate all clouds which may 
float into it from the surrounding atmosphere. A covering of 
vegetation, on the contrary, shields the soil from the sun's rays, 
keeps its temperature lower, and promotes condensation. 

Hence forests receive more rain than treeless regions similarly 
situated, while at the same 
time they check the evapora- 
tion of moisture from the soil, 
and favor the gradual percola- 
tion of the rain-water through 
the ground ; thus they equalize 
the irrigation of the surround- 
ing country, and augment the 
volume of its springs and 
rivers. 



Observations in North America show a like diminution with increasing dis- 
tance from the sea; but, on account of the free entrance of vapors from the 
Gulf of Mexico into the interior of the continent, the decrease, from the Atlan- 
tic westward, as far as the Mississippi, is less marked. 

The moisture from the Mediterranean and the Indian Ocean, on the contrary, 
is intercepted by the moutain ranges composing the main axis of Asia-Europe, 

which form a great barrier near the 
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III. Distribution of Goads 
and Bain. 
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1. Laws of Distribution. 
Though the distribution of 
rain is much more liable than 
the temperature, to irregulari- 
ties an'd extremes, dependent 
upon local circumstances, yet 
the following general laws 
hold good : — 

(1) The average quantity of 
rain falling annually is great- 
est in the tropical regions, 
where the rapidity of evapora- 
tion, and the absolute amount 

of vapor in the air, are both extreme; and the average de- 
creases gradually with increasing latitude. 

The following table, showing, approximately, the average annual rainfall 
of different latitudes, exhibits clearly the above law: — 



SOUTH TROPICAL ZONE. 
Heavy Thunderclouds, mostly in the Afternoon, in Rainy Season.— Pi y 



Season cloudless. 



Ui 



*# 



WARM TEMPERATE ZONE. 
Prevailing Sunny Days — 8ummer clear. 



COLD TEMPERATE ZONE. 
Alternate Cloudy and Sunny Days. — Prevailing Cloudi- 
ness In All Seasons. 



POLAR ZONE. 

Low Clouds, Prevailing Fogs.— 

Winter clear. 



'.Vi^ 



SOUTH POi-S 

FIO. 86. COMPARATIVE CLOUDINESS IN THE DIFFERENT LATITUDES. 



Latitude. 


Inches of Rain. 


Latitude. 


Inchea of Rain. 


0* (Equator) .... 

80* 

40* 


100 ■ 
SO 
00 
40 


00* 

W 


30 

20 

10 

5 



(2) The cloudiness of the air and the number of rainy days in 
the year, increase gradually from equatorial to polar regions. 
(Fig. 36.) 

Within the tropics, the average number of cloudy or rainy 
days in the year is only from eighty to ninety, and often much 
less. In the middle latitudes there are twice this number ; and 
in the polar regions fogs and clouds reign supreme, except dur- 
ing the winter. 

(3) Both, the average rainfall and the number of cloudy or 
rainy days, diminish gradually from the coasts to the interior 
of the continents. 

The following table shows the variation in rainfall and rainy days, in 
countries of the Old World, between 45° and 50° north latitude. (See diagram 
in Map qf Bains.) 



Countries. 


Average 
Rainfall. 


Rainy 
Daya. 


Countries. 


Average 
Rainfall. 


Rainy 
Days. 


Western France .... 
Eastern France . . 
Germany, Gen. and N. . 


82 Inchea. 
25 " 
22 ** 
20 " 


156 
152 
147 
150 


Russia (Kasan) .... 
Siberia (Yakutsk) . . . 


17 inches. 
U " 
10 " 


Ill 
00 
60 



southern shores. This fact, with the 
plateau character of Iran and Mon- 
golia, accounts for the lack of moisture 
which dooms these countries mainly 
to the condition of a desert. 

(By turning to the Map of Bains 
it will be seen that the great central 
zone of deserts, extending from the 
Atlantic — through the Sahara, Ara- 
bia, Iran, and Mongolia — nearly to 
the Pacific, lies in the interior of the 
greatest continental masses of the Old 
World.) 

2. Rainfall of the New 
and Old World. The New 
World, which forms a com- 
paratively narrow belt of land 
between two great oceans, re- 
ceives, both in temperate and 
tropical regions, a larger aver- 
age amount of rain than the 
Old World. 

The average for the tropi- 
cal regions of the New World 
is roughly estimated at 115 
inches ; while that of the Old, 
with its large and compact 
masses of land, is but 77, 
making the mean for the entire zone 96 inches. The average 
of temperate America is 38 inches; that of Asia-Europe, in 
temperate latitudes, is 34 ; making a mean of 36 for the entire 
zone. Eastern North America has an average of 40 inches of 
rain for 25 in western Europe, in corresponding temperatures. 

ANALYSIS OF SECTION VII. 

I* Humidity of the Air. 

1. Evaporation. 

a. Process. Reservoir of vapors. 

b. Capacity of air for absorbing vapor. Saturation, 
o. Dry air. Moist air. Change from one to the other. 

d. Saturation at different temperatures. 

e. Relative humidity of air how expressed. 

f. Changes of relative humidity. 

2. Dew Point. 

a. Definition. 

b. Relation to relative humidity of air. 

c. Humidity of the air ascertained how. 
ft. Forms or Clouds. 

a. Classification. 

b. Cirrus aud cirro-cumulus clouda. 
e. Cumulus. 

d. Stratus. 

e. Nimbus. 

4. Average Height or Clouds. 

a. Where and when greatest. 

b. Where and when least. 

e. Effect on size of raindrops, 
d. Effect on character of rains. 

II. Condensation. 

1. Causes. 

a. Condensation usually due to what. 

b. Effect of passage of warm winds to cold regions. 

c. Effect of passage of cold winds to warm regions. 

d. Effect of intermingling of warm and cold winds. 

e. Condensation by ascending currents. 

2. Influence or Relief and Surface. 

a. Condensation by mountain chains. Examples. 

b. Condensation on plateaus. 

c. Influence of barren soil. 

d. Influence of forests. 

III. Distribntion of Clouds and Bain. 

1. Laws or Distribution. 

a. Of annual average rainfall. 

b. Of cloudiness and rainy days. 

c. Variation from coasts to interior. 

2. Rainfall or N»ew and or Old World. 

a. Average in tropical regions. 

b. Average In temperate regions. 



RAIN IN DIFFERENT LATITUDES. 
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VIII. — RAIN IN DIFFERENT LATITUDES. 
Zones. 



I. 

Owing to the intimate relation which exists between the tem- 
perature, the winds, and the condensation of vapors, each of the 
great climatic zones of temperature and winds has also a distinct 
system of rains. 

Within the tropical regions, which are characterized by uniform 
temperature, and trade winds or calms, the rains are occasioned 
by ascending currents, formed in the hottest part of the day or 
year. Hence the trade zones are zones of periodical rains. 

In the temperate and cold regions the rains are mainly caused 
by the intermingling of cold and warm horizontal currents. 
This may occur at any time, but is most frequent in winter, 
spring, and autumn ; consequently in these zones the rains are 
either perennial or only 
partially periodical. 

II. Bains of Tropical 
Regions. 

1. In the Belt of 
Equatorial Calms, 
where there is a con- 
stant ascending cur- 
rent which reaches its 
greatest velocity and 
humidity in the hottest 
part of the day, there 
are nearly daily rains, 
occurring during the 
hours of greatest heat. 
(Fig. 87.) 

In the morning the sky 
is clear, but towards noon 
masses of white cumulus 
clouds appear at different 
points, rapidly spreading and 
darkening, until the whole 
heaven is overcast, when the 
storm bursts. Vivid flashes 
of lightning traverse the 
blackened sky, accompanied 

by deafening thunder, and the rain falls in torrents for two or three hours. 
Then it ceases; the ascending current slackens; the remaining clouds, as they 
descend by their weight into the warmer air, are dissolved; and the night is 
cloudless. 
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FIO. 87. DISTRIBUTION OF BAIN IN THE DIFFERENT LATITUDES. 



2. Within the Belts of Trades 'all the rain of the year 
falls in the few months during which the Sun is not far from the 
zenith, that is, in the summer, when the heat is so great that 
ascending currents take the place of the trades. This period is 
called the rainy season; the remainder of the year, the dry sea- 
son. (See Fig. 37.) 

(1) Dry season. While the trades blow without interruption, 
though abundant vapors may fill the air, there is nothing to cause 
condensation, except the cooling of the air during the night, 
when copious dews are deposited. Hence the sky preserves a 
constant serenity and a deep azure tint ; and the atmosphere is 
cloudless, especially when the Sun is in the opposite hemisphere. 

(2) Rainy season. As the Sun approaches the zenith the 
trades become irregular, being replaced by calms and fitful 
breezes from any direction. The sky assumes a whitish tint ; 

clouds appear near the 
horizon, and vanish, as if 
driven by a swift wind ; 
finally they gather in 
the zenith, about mid- 
day, and burst in sud- 
den showers and terrific 
thunder - storms, like 
those of the zone of equa- 
torial calms. The air is, 
at all times, nearly satu- 
rated with moisture. 

As the altitude of 
the Sun increases, the 
showers become more 
frequent and prolonged, 
lasting, sometimes, the 
whole day ; and floods of 
rain descend, filling the 
streams and inundating 
vast areas of country. 
As many as twenty-one 
inches of rain have been 
known to fall at Cay- 
enne, in South Amer- 
ica, in a single day. 
After the Sun has passed the zenith, the rains gradually 

diminish in amount and frequency ; and when the trade wind 

resumes its sway, they cease entirely. 



QUESTIONS ON THE MAP OF RAINS. 



Explain the coloring of the map. What do the large figures in the margins 
indicate ? What do the figures accompanying the names indicate ? (See expla- 
nation at the bottom of the map.) What does the upper diagram on the right 
hand, at the bottom of the map, indicate ? What is shown by the lower diagram ? 
What do the two diagrams at the left show ? 

In what seasons of the year does condensation take place in the Arctic regions ? 
Into what form are the vapors condensed ? What is the average rainfall of the 
Arctic regions ? When does condensation take place in the regions next south of 
the Arctic ? Into what form are the vapors condensed in winter ? What is the 
average rainfall in the northern, the central, and the southern portions of this zone ? 

How does the amount of rain falling annually vary from the British Isles to 
Siberia? (See diagram, and figures near Dublin and Barnaul.) When do the 
rains fall in the region of semi-periodical rains ? Trace, naming the cities near it, 
the northern equatorial limit of the fall of snow at the sea level. Trace the limit 
of snow at the sea level in the southern hemisphere. 

What is the average rainfall at Astrakhan, on the Caspian? At Ofen, on the 
Danube ? At Paris ? At Cherbourg, on the coast of France ? Why does more 
rain fall on the west coast of Europe than in the interior? What two places on 
this coast have a larger amount of rain than any other place in western Europe ? 
What two are next in amount ? How does the rainfall vary, from east to west, in 
the United States, in the latitude of Cambridge ? 



Where are the regions of periodical rains situated? How do the seasons 
differ in these regions? When do rains fall in the immediate vicinity of the 
equator ? In what portions of the globe is the average rainfall greatest ? At 
what two places is the greatest known amount of rain ? What winds bring rain 
at these places? Where is the largest observed amount of rain in South 
America ? 

In what portions of North America does most rain fall ? What winds bring 
most rain there? What are the dryest regions in the southern half of North 
America ? (See page 91, Topic I., 2.) How does the rainfall on the Sierra Nevada 
and Rocky mountains compare in amount with that of the plateau ? Why ? (See 
page 85, Topic II., 2.) 

How does the interior of the plateau of Brazil compare in amount of rain with 
the eastern part ? What is the cause of the absence of rain west of the Andes, in 
the same latitude? (See page 90, Topic I., 1.) What winds bring rain to the 
southern half of South America ? How do the eastern and western portions of 
this region compare in the amount of rain ? Why is this ? What are the dryest 
parts of the Old World ? How do you explain the lack of rain in northern 
Africa and Arabia? (See page 90, Sub-tropical Belt.) How do yon account for 
the small amount of rain in the interior of eastern Asia and Iran ? (See page 88, 
Topic III., (3).) What parts of Australia have most rain? Why is the interior 
dry? 
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RAIN IN THE SOUTHERN CONTINENTS. 



Near the Equator the rainy season consists of two parts, separated by a brief 
period of fair weather. The first rains take place when the Sun is passing the 
zenith towards the adjacent tropic, and the second on his return from it. Near 
the tropics the two periods are blended into one. 

3. Exceptional Regions. (1) The eastern coasts of the 
peninsula of Deccan, in India, receive rain when the Sun is in 
the southern hemisphere, that is, during the northern winter. 

The southwest monsoon, which blows during the summer 
(see page 78, Topic I., 1), and brings copious showers to the 
western coasts, reaches the eastern only after its passage over 
the Western Ghauts and the plateau of Deccan ; hence it brings 
drought. 

The northeast monsoon, blowing when the Sun is in the 
southern hemisphere, carries to the eastern coast abundant 
vapors from the Gulf of Bengal. These, condensed upon the 
slopes of the eastern Ghauts, give copious showers, while the 
western coast has its dry season. 

(2) Svb-tropical Belt. Immediately beyond the tropics, on 
the margin of the trade-wind zones, between the parallels of 24° 
and 28°, less rain generally falls than in the neighboring lati- 
tude ; and there exists, as it were, an intermediate, dry zone. 
(See Fig. 37.) Situated somewhat beyond the region of tropi- 
cal summer rains, it receives but little water from that source ; 
and it lies too near the tropics to have the benefit of the winter 
rains, which are brought to the latitudes beyond by the descend- 
ing return-trades. 

The descending branch of the return-trades re-entering the 
tropical regions also becomes dry because it comes into a warmer 
region. 

The Sahara, the deserts of Arabia and Northern India, and the arid plateaus 
of Mexico and Lower California, all include the sub-tropical belt of the north- 
ern hemisphere; while the Desert of Atacama in South America, and of Kala- 
hari in Africa, together with the barren wastes of Central Australia, occupy a 
corresponding position in the southern hemisphere. 

The sub-tropical position of these regions, by diminishing their share of rain, 
while it increases the summer heat, deprives the soil of a covering of vegetation, 
and this barrenness (see page 85, Topic II., 2) intensifies both heat and drought. 
Thus deserts perpetuate themselves, whereas artificial irrigation has redeemed 
many regions naturally sterile; and by clothing the soil with vegetation, has 
greatly ameliorated their climate. 

III. Rains of Temperate Regions. 

1. Semi-Periodical Rains. (1) Belt of Winter Rains. In 
the warm temperate zone, extending from latitude 28° to about 
85°, where the trades prevail in summer and variable winds in 
winter, the latter is the rainy season. The winter rains are 
occasioned by the intermingling of the cold polar current with 
the vapor-laden return-trades, which, in these latitudes, descend 
into the lower air in winter, when the sun is in the opposite 
hemisphere. 

In other seasons, the return-trades being above and the polar 
winds below, the *two do not intermingle sufficiently to cause 
any considerable condensation of vapors ; and the presence of 
the warm air at a comparatively slight elevation, prevents con- 
densation by ascending currents during the heat of summer. 
Hence little or no rain falls except in winter, and the long 
summers are rainless. 

Thus the warm-temperate zone is characterized by a periodi- 
city of rains scarcely less marked than that of the torrid zone, 
though the rain falls during the opposite season of the year. 

On the Pacific coast of North America, this belt extends several degrees far- 
ther from the Equator than elsewhere. In California, as far as 40° north lati- 
tude, the rain falls almost exclusively in winter. The free sweep of the returning 
trade winds of the Pacific Ocean, and the mighty barrier which the Rocky Moun- 
tains oppose to the polar winds, may perhaps account for this apparent irregu- 
larity. 



(2) Belt of Equinoctial Rains. The Sun having advanced 
to the Equator, the return-trades descend into the lower air, 
between the parallels of 35° and 42°. In these latitudes the 
winter rains diminish, the spring and autumnal rains show a 
maximum, and the summers are no longer entirely dry. They 
form, therefore, a transition between the belt of almost periodi- 
cal winter rains, and that of the perennial rains. 

In the eastern half of the United States, the southwesterly winds, which pre- 
vail in the summer, spread over the interior and the Atlantic plains an abundant 
supply of vapors from the warm waters of the Gulf. Frequent copious showers 
refresh the soil during the months of greatest heat, which show a maximum of 
rain. Thus the dry summers of the warm-temperate region disappear, and with 
them the periodical character of the rains, so well marked elsewhere in this belt 

2. Belt of Perennial Rains. In the cool-temperate lati- 
tudes, where the warm and the cold surface winds alternate in all 
seasons, condensation, producing rain or snow, occurs in all parte 
of the year. Still, it is most abundant in summer, when the 
warm return-trades extend farthest north ; and least in winter, 
especially in the interior of the continents, where the polar cur- 
rents prevail to a great extent. 

IT. Bains of Polar Regions. 

Within the polar regions, where southerly winds blow to a 
certain extent in summer, that season is marked by almost con- 
tinual cloudiness and fog. The clouds are low, and fine drizzling 
rains are of frequent occurrence, with snow in spring and 
autumn. The winters, however, are dry and clear, and their 
long nights cloudless. 

ANALYSIS OF SECTION VIII. 



I. Rain Zones. 



a. Cause and character of tropical rains. 

b. Cause and character of rains in middle and cold zones. 



II. Bains in Tropical Regions. 

1. In Belt of Calms. 

a. Time and cause of rains. 

b. Description of rain-storm. 

2. In Belt or Trades. 

a. Distinction of seasons. 

b. Cause and character of dry season. 

c. Character of rainy season. 

Beginning. Height. Close. 
Division of rainy season near equator. 

3. Exceptional Regions. 

a. Rains on east coast of India. 

b. Sub-tropical rains. 

Quantity. Cause of scarcity. Consequences. 

III. Rains of Temperate Regions. 

1. Semi-periodical Rains. 

(1) Belt of Winter Rains. 

a. Location. 

b. Cause of winter rains. 

c. Conditions in other seasons. 

d. Comparative periodicity. 

e. Exceptional extent on Pacific coast. 

(2) Belt of Equinoctial Rains. 

a. Location. 

b. Time of rainfall. 

c. Exception in eastern half of United States. 

2. Belt of Perennial Rains. 

a. Location. 

b. Character of winds and rains. 

c. Maximum and Minimum. 

IT. Rains of Polar Regions. 

a. Conditions in summer. 

b. Conditions in winter. 



IX. — RAIN IN THE SOUTHERN CONTINENTS. 

I. South America. 

1. Inter-tropical Region. South America, of all the con- 
tinents, is the most abundantly provided with moisture. The 
northern and broadest part lies in the regions of daily and of 
periodical rains, and at the west of the Atlantic Ocean, whose 
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plentiful vapors are carried into it by the trade winds. The 
interior of the plateau of Brazil, however, has less copious rains, 
the vapors of the ocean being partially intercepted by the 
mountains adjacent to the coast. 

In the region of the equatorial calms, copious rain falls west of 
the Andes, as well as on the eastern slope ; but in the belt of 
southern trades no rain falls on the western slope, the vapors 
carried by the east winds being condensed in the passage of the 
latter over the mountains. From Punta Parina to 20° south 
latitude, the coast is bathed with vapors from the adjacent seas, 
which, condensed into winter fogs by the cold Peruvian current, 
are wafted to the lands by the southerly monsoons. Hence, 
though rainless, it is not entirely sterile, on account of the moist- 
ure in the air. 

2. Beyond the tropics, in the regions of semi-periodical and 
perennial rains, the return-trades which come from the north- 
west, and the other westerly winds, strike the Pacific coast, but 
part with their vapors in crossing the Andes. On the western 
dope, Chili has only moderate winter rains ; but from Valdivia 
to Cape Horn, clouds and rain prevail all the year round, and 
the average rainfall is fully as great as within the tropics. 

The eastern or main slope is comparatively dry, especially in 
the higher portions near the mountains ; but occasional north- 
easterly winds, bringing showers, and thunder-storms from the 
south during the summer, redeem this part of the continent 
from complete aridity, 

Paraguay, southern Brazil, and the states west of the La Plata, 
have the winter and equinoctial rains of these latitudes, coming 
from the north and northeast; but the Pampas of Buenos Ayres 
are liable to long and frequent droughts, and the dryness of the 
Patagonian plains is in great contrast with the excess of moist- 
ure on the opposite side of the Andes. 

# 

II. Africa. 

1. Central Region. Africa has, like South America, copious 
rains in the zone of calms, and in the zones of periodical rains, as 
far as 16° north latitude and 20° south. No high and continuous 
mountain ranges shut out the moisture brought by the mon- 
soons, both from the Indian and the Atlantic Ocean (see Map 
of Winds') ; though the marginal swells partially intercept the 
vapors, giving to the coasts more abundant rains than to the 
interior. 

2. Northern Africa. With the exception of the Mediterra- 
nean shores, a narrow belt along the Atlantic coast, and some 
groups of mountains in the interior, North Africa, beyond lati- 
tude 16°, is almost absolutely rainless. These exceptional regions 
receive the winter and spring rains of the extra-tropical zone. 

The rainless region forms the Sahara, the largest desert upon 
the globe. Its aridity is occasioned by the position of a great 
portion of its area in the sub-tropical zone ; its situation at the 
southwest of the great continent of Asia, which causes the pre- 
vailing northeasterly winds of its latitude to come from arid 
lands; the elevation of the plateaus of Arabia aud Abyssinia, 
which exclude from it the winds from the northern part of the 
Indian Ocean ; and the nature of its surface, which is such as to 
be most unfavorable to condensation. (See page 85, Topic II., 2.) 

3. Southern Africa. A portion of the continent beyond the 
parallel of 20° south latitude, is also in the sub-tropical zone, and 
has its desert, that of Kalahari, under the Tropic of Capricorn ; 
but its less extent, and its exposure to the winds from the sur- 
rounding seas, redeem it from the complete drought belonging to 



the Sahara. The two arid regions, embracing so large a portion 
of its area, give Africa its especial character, rendering it the hot- 
test of all the continents, and the dryest in the tropical regions. 

III. Australia. 

Australia, regarded as a whole, is somewhat scantily sup- 
plied with rain ; but, as in southern Africa, the small area of the 
continent, its position in the midst of the sea, and the absence of 
barriers excluding the sea winds, all tend to diminish the dry- 
ness of its sub-tropical belt. The northern portion receives the 
periodical summer rains of inter-tropical regions, and the south- 
ern the semi-periodical, or spring and winter rains. 

ANALYSIS OF SECTION IX. 

I. South America. 

1. Iktxb-tropical Region. 

a. Comparative abundance of moisture. 

b. Rains west of the Andes in the belt of calm*. 

In the trade belt. 

2. Rains Beyond the Tropic. 

a. On western slope. 

b. On eastern slope. 

IX Africa. 

1. Central Region. 

2. Northern Africa. 

a. General character in regard to moisture. 

b. Rainless region. 

8. Rains in South Africa. General character of Africa. 



III. Australia. 



a. General character. 

b. Rain in the different portions. 



X. — RAINFALL OF THE NORTHERN CONTINENTS. 

I. North America. 

1. General Character. North America has, in the eastern 
half, a greater amount of rain than either of the other northern 
continents, in similar latitudes. Though the primary highlands, 
which lie in the western part, across the track of the return- 
trades, oppose the entrance of the moisture from the Pacific into 
the interior; yet the great sub-tropical basin of the Gulf of 
Mexico sends up into the air its wealth of vapors, to replace 
those lost by the winds in crossing the high mountain chains. 

Hence the eastern portions, — the great basins of the Missis- 
sippi and the St. Lawrence, and the Appalachian region, — which 
without this source of moisture would be doomed to drought 
and barrenness, are the most copiously watered and the most 
productive portions of the continent. 

2. Arid Regions. The plateau of Mexico and the peninsula 
of California — situated in the sub-tropical zone; — the interior 
plateaus east of the Sierra Nevada ; and a narrow belt of the 
high plains east of the Rocky Mountains, south of 42° north 
latitude, are the only exceptions to the abundance of moisture 
which characterizes this most favored continent. Even these 
regions are not entirely rainless, but receive, to some extent, 
the winter, equinoctial, or summer rains belonging to their 
several latitudes. 

II. Europe. 

1. General Character. Europe is well watered through- 
out, with the exception of a narrow region of steppes adjacent 
to the Caspian Sea. But, excepting a few points immediately 
on the Atlantic and Mediterranean coasts, the average annual 
rainfall in Europe is several inches less than in North America. 

2. Exceptional Regions. The places which receive most 
abundant rains are Coimbra, at the foot of the mountains, on 
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the western coast of Portugal; Bergen, on the Scandinavian 
coast ; Bayonne, at the head of the Bay of Biscay ; Tolmezzo, 
at the head of the Adriatic Sea ; and Seathwaite, on the west 
coast of England, in the Cumberland Mountains. 

Peculiarities of relief explain the exceptional rainfall of these 
regions. At Tolmezzo, for example, an arc of high mountains 
encompasses the head of the Adriatic, on the side opposite the 
wind ; and condenses, upon a small area, all the vapors brought 
within its circumference. At Seathwaite the isolated mountain 
group, rising into the region of clouds, performs the same work. 
Similar conditions exist at each of the other places named. 

III. Asia. 

1. General Character. Asia, the greatest and the coldest 
of the land masses, with the loftiest mountains and the largest 
plateaus, has, regarded as a whole, less rain than any other of the 
northern continents. The main slope, which includes the whole 
continent with the exception of the southern peninsulas, is 
directed towards the north ; and is open to the dry polar winds, 
while the moist return-trades are shut out from it. 

In the zone of perennial rains less water falls than in the cor- 
responding zone of Europe. In the zone of semi-periodical rains, 
where the surface consists mainly of mountain-girdled plateaus 
or sandy marine plains, little rain falls except on the mountains. 
The regions of greatest rainfall, in the latter zone, are Asia 
Minor, the Caucasus, and the Caspian shores, in western Asia ; 
the Thian Shan, and Pamir, in the centre ; and middle and north 
China, in the east. 

The plateau of Arabia, the adjacent table-lands of Syria and 
Iran, and the vast plateau of Mongolia, have, in general, but 
scanty rains. They, with the Sahara, form a great central belt 
of deserts, extending from the Atlantic, in Africa, nearly to the 
Pacific shores in Asia. 

2. Periodical Rains. The southern part of China, the 
peninsulas of India and Indo-China, the southeast coast of Ara- 
bia, and the Indian Archipelago, lie in the zone of periodical rains. 
Here the rains, which are copious, accompany the monsoons ; and 
the opposite coasts of the great Indian peninsulas receive rain 
at opposite seasons. Even on these favored shores, however, 
except at a few points where local peculiarities of relief give an 
amount of rain entirely unparalleled, the rainfall is less than 
on the coasts and islands of tropical America. 

The interior of the Deccan, a plateau surrounded with moun- 
tains, receives little rain. On the Arabian shores, though there 
is an abundance of rain, yet as it falls in a single season, usually 
with great violence, and flows away almost immediately, it bene- 
fits the soil but little. Only the valleys are permanently watered. 

Cherraponjee, near the head of the Bay of Bengal, in the Coss- 
yah Mountains, which rise isolated from the low plains of India, 
receives the greatest fall of rain on record ; viz., 610 inches. At 
Mahabuleshwur, in the Western Ghauts of India, 4,500 feet 
above the sea level, 254 inches of rain have been recorded. 

ANALYSIS OF SECTION X. 

I. North America. 

1. General Character. 

2. Arid Regions. 

II. Europe. 

1. General Character. 

2. Regions or Greatest Rainfall. 

III. Asia. 

1. General Character. 

a. Cause of scarcity of rain. 

b. Moisture in zone of perennial rains. 

c. Moisture in zone of semi-periodical rains. Rainless regions. 



2. Zone of Periodical Rains. 

a. Regions included. 

b. Time of rain. Amount. 

c. Rain in the Deccan. 

d. Regions of excessive rain. 



XI. — SNOW. 



I. Formation. 



Vapor condensed in air having a temperature below 32° Fahr. 
freezes, or passes to a crystalline form, producing snow. Snow- 
flakes occur in a great variety of forms, which usually present 
the outline of either a regular hexagon or a six-pointed star. 

Their size depends upon the temperature and the relative 
humidity of the air through which they fall ; for, like raindrops, 
they increase by successive additions from the vapors with which 
they come in contact in descending. Thus in mUd weather they 
are much larger than in very cold weather. 

When the lower air is warm enough partially to melt the crys- 
tals, they form minute balls. When raindrops, formed in the 
upper air, fall through a cold current, they are often frozen, 
producing sleet instead of snow. 

IT. Horizontal Distribution. 

In high and middle latitudes, the ground is covered with 
snow each winter ; but within the tropical regions no snow falls 
at or near the level of the sea, for the temperature of the lower 
atmosphere is always sufficient to melt the crystals, even if they 
are formed in the upper air. 

In the northern hemisphere the limit of the fall of snow at the 
sea level is an irregular line lying mainly between 25° and 40° 
north latitude; in the southern it is somewhat regular, lying 
about latitude 43° in the oceans, and from 32° to 38° in the 
continents. % 

In general, this line is nearest to the equator in the regions 
most exposed, in winter, to polar winds; as on the eastern 
coast of Asia and North America. 

The period of continuance of snow increases with the distance 
from the limit of snow fall. Rome, for example, has an average 
of one and one-half snowy days in the year ; Paris has twelve, 
Copenhagen thirty, and St. Petersburg one hundred and seventy- 
one. 

The quantity of snow falling annually is greatest in cool-tem- 
perate latitudes, since the amount of vapor in the air within 
those regions is greater than in the polar regions. 

As the warmth of the air diminishes upward, a temperature 
permitting the fall of snow may always be found upon high 
mountains, even under the equator. 

At the summit of the Andes, for example, the moisture which 
is condensed during the rainy season falls in the form of snow, 
while the slopes, and the plains at their foot, are drenched with 
rain. 

III. Permanent Snow. 

1. Where Found. Though the winter snows upon the 
plains, and the slopes of mountains of medium height, disap- 
pear during the warm season ; yet, in all latitudes, the tops of 
high mountains are covered with a layer of permanent snow, 
which the summer heat of these great altitudes is not sufficient 
to melt. 

The lower limit of perpetual snow, called the snow line, is 
found, within the tropics, about three miles above the level of 
the sea. In temperate latitudes it occurs at the height of a 



little less than two miles; and at the northern limit of the 
continents, it is about half a mile above the level of the Bea, or, 
perhaps, even 
less than this. 

On the Arc- 
tic islands, vast 
fields of snow 
remain perma- 
nently, at a few 
hundred feet 
above the sea 
level. 

The winter 
snows, falling 
into the icy 
waters of the 
polar oceans, 
are but partial- 
ly dissolved; 
and, remaining 
upon the freez- 
ing surface, 
they help to 
form those vast 
ice floes which 
encumber the 
polar seas at all 
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2. Height 
of the Snow Line. The following table gives the observed 
height of the snow line in the different latitudes : — 
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The snow line was formerly supposed to be a curve coinciding 
with the vertical isothermal of 32° Fahr. — the freezing point — 
and rising regularly, with the average temperature, from the 
polar regions to the equator. Neither supposition has proved 
to be entirely correct. The mean temperature of the air at the 
snow line is, according to observation, several degrees below the 
freezing point; and the table shows that this line is subject to 
great irregularities of elevation, also that its extreme altitude 
is not at the equator, but in the vicinity of the tropics. 

3. Irregularities in Elevation. The elevation of the 
snow line depends upon two conditions: the quantity of snow 
which falls, and the amount of heat there is to melt it. Neither, 
alone, but the relation between the two, determines the limit of 
perpetual snow. Thus in the sub-tropical zones, which have 
less snow, with no less summer he.it, the snow line is higher 
than at the equator. 

In similar latitudes the coast regions, exposed to moist winds, 
have a lower snow line than the interior of the continents, with 
their scanty snows, dry atmosphere, and hot summers. The 
peaks of the Sierra Nevada bear perpetual snow, 3,500 feet lower 



than the Rocky Mountains, in the same latitude. The south slope 
of the Himalayas, which condenses the abundant vapors brought 

by the warm 
monsoons, has 
a snow limit, 
on an average, 
2,000 feet lower 
than the north 
slope, on thedry 
and sunny pla- 
teau of Thibet. 
In the Alps, 
which are well 
wateredonboth 
sides, the limit 
of snow is some- 
what higher on 
the southern 
slope ; for here 
the exposure to 
the warm sum- 
mer winds more 
than compen- 
sates for the 
Blight excess in 
the amount of 
snow which 
™ Ros*. cestkal alps. falls on the 

south side. 
In passing from the dry climate of central Chili to the rainy 
region farther south, the snow line descends from 14,700 feet to 
6,000. A vast amount of snow in the latter region, and a wet 
and cloudy summer, account for the change. In the Rocky 
Mountains, in the latitude corresponding to that of the Patago- 
nian Andes, the snow line has an altitude of 12,500 feet. 
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). Region of highest snow line. 
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XII. — GLACIERS. 
I. Nature and Aspect. 

Glaciers (from the French glace, ice> are vast streams of ice 
which descend from the lower edge oi the perpetual snows, like 
long icicles from a snow-covered roof. They follow the wind- 
ings of the Alpine valleys, and terminate abruptly in a massive 
wall of ice, from beneath which the waters of the melting gla- 
cier escape, through a large icy vault. (See illustrations on 
this and the following page.) 



Tbe great ylaciera of the Alps extend downwards from 3,000 to 6,000 feet 
below the snow line, and are from ten to fifteen miles in length. The; are thus 
a beautiful provision for discharging, from the regions of perpetual frost, the 
excess of snow, in order that it may melt in the more genial atmosphere below. 
All the main Alpine streams— the Rhine, the Khdne, the Aar, and others — 
have their origin in tbe glaciers ; and both these rivers and the lakes through 
which they pass have high water in summer, when the melting of the ice and 

When the slope is gentle, the surface of the glacier is com- 
paratively smooth. When it becomes precipitous, the mass of 
ice breaks up, deep crevices open, and the glacier assumes the 
form of a gigantic frozen cataract; but beyond the precipice it 
becomes even again. 

The illustration on page 93 shows the smooth part of the great glacier of 
Monte Rosa, in the valley of Zenuatt, the moraines upon its surface, and the 
formation of crevices at tbe bead of a rapid slope. Below Is shown the shat- 
tered mass, resolved into sharp ice-needles, as they are called ; also the terminal 
wall of the glacier, with its vault, and the stream issuing from beneath. 

Glaciers of the first order fill the main valleys, and, like the 
great river systems, are usually composed of several tributaries, 
or glaciers of the second order, which unite in one channel. 
But the ice does not blend, 
like the water, in confluent 
streams. The several glaciers, 
though strongly compressed, 
are united only by their mar- 
gins ; and each preserves its 
individual structure, often to 
the end of its journey, 

II. Formation. 

The first condition for the 
formation of a glacier, is an 
accumulation of snow which 
can be but partially melted 
by the heat of summer. Such 
accumulations are favored by 
the structure of the great 
Alpine valleys, most of which 
expand, within the region of 
perpetual snow, into vast amphitheatres; each forming an im- 
mense common reservoir, into which the surrounding peaks all 
Bend down their loads of snow. 

The procetts of gradual formation is Indicated by the variations In the sub- 
stance of the glacier in different parts of Its course. In the cold, frosty, upper 
regions, the snow, composed of small crystals as yet unmelted, Is dry and pow- 
dery. Lower down, a partial melting and agglomeration of the crystals, con- 
verts them into coarse, white grains, forming the n£c£ (from the French nelge, 
snow}, which is always found somewhat below the snow line. 

The melting process continuing, the wive" is gradually soaked by the percolat- 
ing waters ; and, under the influence of freezing nights and constant pressure, It 
at length becomes a consolidated mass, like a frozen snow-bank in the spring. 
This Is the beginning of the glacier proper. 

Still lower, regular lamime of transparent ice appear in the midst of the 
frozen snow; and gradually the alternate melting and refreezing, under high 
pressure, converts the whole Into the blue transparent ice which forms the lower 
portion of the glacier. The surface alone, owing to constant disintegration, 
appears whitish. 

Glacier ice, however, never loses the traces of its origin, but a blow of the 
hammer will cause it to crumble to pieces and reveal Its granular structure. 
This explains bow the water from the melting surface can pervade the entire 
mass, and render Its particles movable, thus facilitating its gradual descent. 

III. Motion. 

Glaciers descend constantly along the valleys they occupy, 
though with an irregular velocity. As in streams, a more rapid 
slope, or a greater mass, accelerates, and a more gentle slope, or 
a smaller mass, retards the motion. 



The rate, varying in different glaciers, is always greater in 
summer than in winter; and is greatest when the melting is 
most rapid. In glaciers of the first order, the ordinary progress 
is from ten to twenty inches a day ; but sometimes, as observed 
in the Mer de Glace, on Mont Blanc, it reaches two feet or more. 

The bottom and sides are retarded by friction against the rocky walls of the 
valley, while the top and centre, moving more freely, are more and more in ad- 
vance. Hence the lower end of the glacier, when free to expand — as that of 
the KhOne, in Switzerland — terminates in a convex semicircle. 

The termination of a glacier, notwithstanding the constant de- 
scent, occupies from year to year about the same average posi- 
tion ; for the melting in summer is generally sufficient, not only 
to dissolve the extremity as rapidly as it advances, but also to 
remove what has been gained during the previous winter. 

Heavy snows, however, followed by a cloudy and cool sum- 
mer, which diminishes the amount of melting, may permit the 
glacier to extend beyond its usual limit ; while a dry winter, or 
an unusually hot and clear summer, may reduce both the length 
and thickness below the average. In the latter case, the waste 
during the summer exceeds 
the gain during the winter. 



IT. Transportation of Bocks. 

Glaciers, like mountain tor- 
rents, transport fragments of 
rock of all sizes, which have 
gradually crumbled from the 
uncovered peaks and slopes 
above them. But owing to 
the slow and steady motion, 
the arrangement of this debris 
is entirely different from that 
of materials transported by 
■water. 

1. Moraines. On the sur- 
ql.ciek or ziBiuTT ^ ace °^ a 'l £&*& glaciers (see 

page 93) are narrow and well 
defined bands of rocks and rubbish, called moraines. They are 
both lateral, lying along the sides, and medial, in the centre of 
the glacier. The latter either come from rocks in the upper 
part of the valley, or are formed by the united lateral moraines 
of confluent glaciers. 

As the ice melts, at the end of the glacier, the rocks fall to 
the ground; and, with pebbles and mud from beneath it, form 
a terminal moraine. This is sometimes of great height, and is 
usually in the form of a semicircular wall across the valley. 

A surface moraine, whether lateral or medial, Is composed, from beginning 
to end, of the same kinds of rock, often of one or two kinds only ; and two 
moraines lying side by side may be formed of rocks of an entirely different 
nature ; for each brings the <Ubris from a different part of the valley, sometimes 
from a single crumbling peak. These broken fragments, falling one after the 
other on the same spot, are, by the steady advance of the glacier, successively 
carried down along the same line, to the terminal moraine, which receives them 
all. 

2. Action of Glaciers on their Beds. The constant friction of these 
vast masses of ice on the surface of their rocky beds, rounds off the projections 
over which they pass, and smooths and polishes even hard granite and marble. 
The fine mud, composed of the hardest particles of these crystalline rocks, ad- 
hering to the ice, is the polishing powder. Coarser grains cut, on the polished 
surface, systems of fine parallel scratches ; and larger pebbles form long parallel 
furrows, all indicating the direction of the moving ice. 

Old moraines, polished and grooved rocks, and other evidences of glacier 
action, so different from that of water, show that, In a time long past, vast and 
thick glaciers existed in New England and other parts of North America, and 
in Europe where no permanent snows are now found. 



OPTICAL AND LUMINOUS PHENOMENA. 



Y. Geographical Distribution. 

The mountain systems in the middle latitudes, with abundant 
snows and alternate warm and cold seasons, are most favorable 
to the formation of glaciers. The best known, and probably 
the most remarkable glacier region is that of the high Alps, in 
the heart of which are Mont Blanc, Monte Rosa, and the Ber- 
nese Alps. 

The Pyrenees have glaciers of the second order only. Late explorers have 
found large glaciers In the Caucasus and In the Himalayas, the last being of the 
grandest proportions. In the Scandinavian Alps are many which descend, in 
the deep western fiords, nearly to the sea level. 

In the New World glaciers are less frequent. They are entirely wanting in 
the tropical Andes, the constancy of temperature throughout the year, as well 
as the structure of the snow-covered 
peaks, being unfavorable to their 
formation. In the snowy Pata- 
goni&n Andes, however, they are 
numerous and well defined. 

In the high Sierra Nevada, pol- 
ished and grooved rocks, and old 
moraines, showing the former pres- 
ence of great glaciers, are found 
down to 4,000 feet above the sea 
level; but no glaciers have been dis- 
covered. Farther north, on Shasta 
Peak and Mt. Rainier, genuine gla- 
ciers of the second order have been 
noticed. 

By far the most extensive glacier*, 
however, are found on the snow- 
covered islands of the polar oceans. 
The gigantic Humboldt glacier, dis- 
covered by Dr. Kane on the shores 
of Smith Sound, is sixty miles in 
breadtb, rises three hundred feet 
above the water, and extends an 
unknown distance Into the interior. 
Similar, though perhaps less exten- 
sive, glaciers occupy nearly all the 
valleys of Greenland, Spltzbergen, 
and other Arctic and also Antarctic 



Vast masses of ice, broken from 
tbe ends of these glaciers, form the 
enormous icebergs (mountains of 
Ice) which are so numerous in the 
polar seas, and are transported by the currents e 
limit of drifting iee, in map, pages 28, 20.) 



o middle latitudes. (See 



ANALYSIS OF SECTION XIL 

[. NMon and Aspect. 



IX Furmatlon. 



III. Motion. 



IT. Tranaportatlt 



i. Condition of formation. 

Indicated, i 
_.__ctureof diffe.. 
Peculiarity of glad 

a. Continuity and Irregular:. y of progreaa. 

b. Rate in different eeaaona. Average rale. Bottom 



2. Action or Olacii 
V. Geographical Dlatrlbutl 






XII. — OPTICAL AND LUMINOUS PHENOMENA. 
I. Introduction. 

A number of striking phenomena, both optical and luminous, arise from the 
physical properties of the atmosphere. The explanation of them belongs, how- 
ever, to the subject of natural philosophy rather than physical geography, for the 
latter investigates the atmosphere only as furnishing the conditions of life upon 
the globe. Hence, they will be touched upon here only in a very general way. 



II. Optical Phenomena. 

1. Rainbows are arches of prismatic colors, formed by the reflection of rajs 
of light from within drops of water. The rays, which are refracted in entering 
the drops, are reflected from their posterior surfaces, and again refracsfld as they 
re-enter the air, the colors being separated by their unequal refrangibillty. 

2. Halos and COBONAS are circles of prismatic colors which, in certain 
states of the r. "mosphere, surround the Sun and the Moon. 

Halos are supposed to be occisioned by the presence, in the atmosphere, of 
small ice crystals which act as minute prisms, decomposing and refracting the 
light which passes through them. Their sue Is fixed, as they are seen only 
under a visual angle of either 22° or 46°. 

Coronas are seen when a light mist Is floating In the air, and are supposed to 
be formed by reflection from the external surface of the globules of vapor. 

3. Colors of the Sky and Clouds. The azure tint of the cloudless sky Is 
due to the decomposition and refraction of light, as it passes through layers of 

air successively increasing in den- 
sity. The blue and violet, being 
more refrangible than other colors 
of the solar spectrum, are diffused 
through the atmosphere; and being 
reflected from its particles, they im- 
part to it their own eolor. 

The clouds floating in the atmos- 
phere absorb the more refrangible 
rays, and reflect the less. At sun- 
rise and sunset, when the light 
traverses the greatest depth of at- 
mosphere, all the colors are absorbed 
except the red and the yellow; and 
these, being reflected from the par- 
ticles of vapor, produce the brilliant 
coloring of the evening and morn- 
ing clouds. 

4. The Mibaqe Is an optical 
phenomenon in which images of 
distant objects are seen, reflected 
beneath, or suspended in the heav- 
ens above. Occasionally, also, ob- 
jects are seen double, being repeated 
laterally instead of vertically. 

The mirage is caused by the re- 
fraction and reflection of light as it 
passes from denser to rarer strata 
of air. It is most frequent in arid 
plains, where the soil, exposed to 
the burning rays of the sun, be- 
a BOBEALis- comes intensely heated, and, in con- 

sequence, the strata of air near 
the ground are less dense than those above. 

In this case rays of light passing from any distant object, as a tree, to the 
ground, are refracted more and more towards the horizontal, until Anally they 
are reflected from a horizontal layer of the heated air, and reach the eye from 
beneath. Then an image of the object is seen as if mirrored In the tranquil 
waters of a lake. 

III. Luminous Phenomena. 

1. Lightning is the dazzling light produced by an electrical discharge pass- 
ing between clouds which are oppositely electrified, or between the clouds and 
the Earth. Lightning finshes have been distinguished as zigzag or chain light- 
ning, sheet, and globular lightning. 

Tbe first has the aspect of a sharply defined chain of Are, and moves at the 
rate of 250,000 miles per second. Its zigzag course is attributed to the resist- 
ance of the air, condensed in the passage of the electrical discharge, which is 
sufficient to turn it aside frequently in the direction of less resistance. 

Sheet lightning includes the expanded flashes which occur during a storm, 
and the heat lightning, seen on summer evenings, when no clouds are visible, 
which is supposed to be the reflection of a storm taking place below the 
horizon. 

Globular lightning is seen on rare occasions, when the electrical discharge 
takes the form of a ball of fire, and descending with less rapidity, is visible for 
several seconds. In certain conditions of the atmosphere, globes or spires of 
electrical light, called St. Elmo's fire, are seen tipping the extremities of bodies 
in contact with the earth, like church spires, or masts of ships. 

All the conditions which give rise to electrical excitement in the atmosphere 
are much more intense in warm than in cold latitudes; hence the (tandir-siorms 
of the tropical regions greatly exceed, both in frequency and in violence, those 
of temperate and cold climates. 

2. The Aurora Rorealis. or northern light, is a phenomenon frequently 
observed in the northern heavens. II occurs in many formB, but the most com- 
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mon is that of a luminous arch (see page 95) whose summit is in the magnetic 
meridian of the place of observation, and from which vivid flashes of light dart 
towards the zenith. A like phenomenon in the southern heavens is denominated 
the Aurora Australia. Auroras are moat frequent and brilliant in the polar 
regions, yd diminish in intensity towards the equator. 



The constant relation existing between the arch and the magnetic meridian, 
together with the oscillation of the magnetic needle during the auroral display, 
suggests the idea that this phenomenon is caused by electrical currents in the 
higher atmosphere. But no explanation thus far proposed, can be accepted as 
entirely satisfactory. 



REVIEW OF PART IV. 



I. 



(69.) How is the weight of the atmosphere measured ? How does its density vary ? 

At what distance from the sea level is the weight of the atmosphere reduced by 
one-half ? 

(70.) What is the height of the atmosphere? How is the atmosphere related to 
organic life ? 

Define climate. What is its fundamental phenomenon ? What is astronomical 
climate ? 

What is physical climate, and on what does it depend ? 
II. 

What is the general law of the distribution of heat upon the globe ? 

What are tbe causes of the diminution of heat from the equator towards the poles ? 

Explain the change of seasons, and the variation in the length of day and night. 

(71.) What effect has the variation in the length of the day upon the tempera- 
ture of different seasons ? What is the law of variation in the inequality of day 
and night ? 

What is the result of this variation ? What are the seasons in the different zones ? 

When is the heat greatest in middle and polar latitudes ? Why ? 
III. 

(72.) What are isothermal lines, and what is their object ? 

What is the character of the general deviations from astronomical climates, and 
how are they caused ? What is the nature and extent of the deviations due to 
altitude ? 

How does the temperature of plateaus compare with that on mountain peaks of 
the same altitude ? Why ? How do winds and marine currents modify the astro- 
nomical climates ? 

On which hemisphere are the astronomical climates most modified ? 

Where do the extreme deviations from astronomical climates occur? Give 
examples ? 

Explain the manner in which these deviations are produced. 

(73.) How do the eastern and western coasts of the southern continents com- 
pare ? Why? 

How do the zones of physical climate differ from the astronomical zones ? State 
the limits of the several physical zones, with their comparative extent in the 
different continents. 

Describe absorption and radiation of heat by water ; by land. What is the 
result upon climates ? What is the character of the oceanic climate ? Of the con- 
tinental climate ? Of the coast, or maritime, climate ? 

To what extent can the influence of the continents and the oceans on climate be 
traced ? 
IV. 

(76.) What are the conditions of the equilibrium of the atmosphere ? What is 
the result of a disturbance of the equilibrium ? What are winds, and how are 
they classified and named ? 

Describe and name the general currents of the atmosphere. How are they caused ? 

What are the directions of the polar and return currents, and what gives these 
directions ? 

(77.) What local causes affect the general directions of these currents ? 

What zones result from the general laws of atmospheric circulation ? 

What are the trade winds ? Where do they blow with regularity, and why only 
there ? 

Where do they commence, and what is their rate of motion ? 

Define and explain the equatorial zone of calms. What other belts of calms are 
known ? 

How does the position of the belts of trades and calms vary in different parts of 
the year ? 

What general land winds are noticed in the zones of trades ? 
V. 

(78.) What are monsoons ? Explain the monsoons of the Indian ocean. 

Explain the cause of the diurnal land and sea breezes; the diurnal mountain 
breezes. 

What periodical winds are observed in the neighborhood of great deserts, and 
what is their direction ? (79.) Describe these deserts, winds, and their effects. 

What are the etesian winds ? The northers ? What are the prevailing currents 
in the zone of variable winds ? What is the effect of their differing temperatures 
and directions ? 

In what order do the normal currents displace each other in each hemisphere ? 

How is the effect of the transition of the winds manifested ? 

What are the starting-points of the polar winds, and why in these regions? 

What is the direction of the coldest winds in eastern North America, and why ? 
' What change takes place in the polar winds as the sun advances northward, 
and why ? 

Describe the range and the effects of the polar currents; of the return trades. 
VI. 

(82.) What are cyclones ? What is the direction of their motions, in each hemi- 
sphere ? 

Where do the West India hurricanes originate, and what is their cause? 

(83.) Describe the course necessary to escape from a hurricane, in each hemi- 
sphere ? 

What is the extent of the cyclones, and when are they most frequent ? 

How can the northeasterly storms of the Atlantic seaboard be explained ? 



Describe the successive changes of the wind, in different portions of the area of 
those storms. 

What are tornadoes ? Waterspouts ? (84.) What is the cause of tbe tornadoes ? 
VII. 

Upon what does the capacity of the air for receiving vapor depend ? What is 
saturation ? 

How can the relative and the absolute humidity of the air be ascertained ? 

How are clouds classified, and what are the principal forms ? Describe each. 

(85.) What is the general cause of condensation and rain ? Examples. 

What is the effect of mountain chains on the condensation of vapors ? Examples ? 

What is the comparative amount of rain on plateaus, and why ? What influence 
has the nature of the soil ou the condensation of the vapor in the air ? Advan- 
tage of forests ? 

(88.) How does the average annual rainfall vary in different latitudes ? Why ? 

How does the amount of cloudiness, and the number of rainy days in the year, 
vary? Why? 

How do the coasts compare with the interior of the continents in moisture ? Why ? 

How does the New World compare with the Old in its average rainfall ? Why ? 

What is the average in each, in both temperate and tropical latitudes ? 
VIII. 

(89.) What peculiarity in regard to rains characterizes the tropical regions, and 
why? 

How are the temperate and cold regions characterized, and why ? 

Describe the rains in the zone of calms. When do the rains occur in the zone 
of trades, and why ? Describe the dry season. The rainy season. 

What is the time of rain on the opposite coasts of the Deccan, and why ? 

(90.) Describe the sub-tropical belt. What is the time and cause of rain in the 
warm temperate zone ? In the temperate proper ? In the polar zone ? 
IX. 

What is the relative amount of rain in South America? 

Describe the distribution of moisture in the intertropical region. Beyond the 
tropics. 

Why are the Peruvian Andes dry on the western slope, and those of southern 
Chili and Patagonia on the eastern ? Why are the Andes of northern Chili dry 
on both slopes, and those of Columbia and Ecuador wet on both ? 

What are the conditions of central Africa in regard to rain, and why? 

Describe the distribution of rain in northern Africa. To what is its aridity due ? 

What is the character of southern Africa ? Of the continent as a whole ? 

What is the relative amount of rain in Australia, and the time of rain in 
different portions ? 
X. 

Describe the distribution of moisture in North America. 

What is the cause of the dryness of the western plateaus ? How would the dis- 
tribution of moisture in this continent be affected if the Gulf of Mexico should 
become dry ? 

What is the distribution and comparative amount of moisture in Europe? 

(92.) How do you explain the exceptional rainfall at Tolmezzo ? At Seathwaite ? 

What is the comparative amount of rain in Asia, and why ? 

Describe the distribution of moisture in the zone of semi-periodical rains. How 
do you account for the extreme inequality of rainfall in the different parts of this 
region ? 

Describe the distribution of moisture in the region of periodical rains. Where 
do you find the greatest amount of rain on record ? How can you explain this 
excessive rainfall ? 
XI. 

In what regions of the earth does snow fall at the sea level ? Why only there ? 

How does the period of continuance of snow vary in different latitudes? The 
quantity which falls ? What is the average altitude of the snow line in the dif- 
ferent zones ? (93.) Upon what does its altitude, in any region, depend ? 

Where does the snow line have its greatest altitude, and why ? How does its 
altitude in the coast regions compare with that in the interior of the continents, 
and why ? 
XII. 

What are glaciers ? (91.) What is the extent of the great glaciers of the Alps ? 

What is the first condition of the formation of a glacier ? Describe the process 
of formation. 

Describe the motion of the glaciers. What prevents the descending glacier from 
encroaching on the lower lands ? What are moraines, and how are they formed ? 

What is the effect of glaciers upon the rocks in their bed ? 

(95.) What regions are most favorable to the formation of glaciers ? Why ? W T here 
are glaciers most extensive ? Why are glaciers absent from the tropical Andes ? 
XIII. 

Upon what do the luminous and optical phenomena of the atmosphere depend ? 

How are rainbows formed ? What are halos and coronas, and how are they 
formed ? 

What gives the cloudless sky its blue tint ? What causes the brilliant colors of 
the clouds ? 

What is the mirage, and how is it caused ? Where is it most frequent, and why ? 

What is lightning ? What is the velocity of zigzag lightning ? 

How are the auroras supposed to be caused ? Where are they frequent and bril- 
liant? 



PART V. 
LIFE UPON THE EARTH. 



L— LIFE IN NATURE. 
I. — INTRODUCTION. 

1. The System op Life in nature is represented by the 
vegetable and the animal world ; while man is its representative 
in the higher, spiritual Bphere of the mind. 

2. Plants and Animals, unlike minerals, grow from germs, 
and develop into individuals, with definite forms and organs. 
After a limited 

existence, they 
die, their spe- 
cies being per- 
petuated by 
seed or off- 
spring. The 
functions of 
plants and ani- 
mals in nature 
are, however, 
entirely unlike. 

The plant, 
alone, trans- 
forms inorgan- 
ic into organic 
matter, and 
thus prepares 
food for the 
animal. In its 
quiet steady 
growth, it gath- 
ers a store of 
force which 

the animal ex- * nmn oh 

pendfl in action. 
Thus the distribution of vegetation regulates that of animal life. 

The animal, being called upon to move and act, is endowed 
with sensation and will ; but neither is required in the passive, 
motionless life of the plant. 

Vegetation not only forms the indispensable link between inor- 
ganic nature and animal life ; but it clothes the surface of the 
land with that rich mantle of verdure and flowers which is its 
greatest ornament. More than any other element in the land- 
scape it is indicative of the climate, and gives to every part of 
the globe its peculiar and characteristic aspect. (Teacher, see 
note, page 122.) 

II. — VEGETATION IN DIFFERENT LATITUDES. 
I. Zones of Vegetation. 

Sunlight, warmth, and moisture, are the chief climatic romli- 
(WM of the development of vegetable life ; hence, corresponding 



to the climatic zones, there are well-defined zones of vegetation, 
the boundaries of which are approximately indicated by iso- 
thermal lines. 

In high latitudes, however, though the mean annual tempera- 
ture is below the freezing point, there may still be a varied 
vegetation, on account of the heat of the summer. 

This is especially the case in the northern hemisphere, where 
the preponderance of land augments the summer heat, while it 

keeps down the 
annual average 
by intensifying 
the cold of win- 
ter. 

The succes- 
sive zones, from 
the poles to the 
equator, show 
a marked in- 
crease in the 
number of spe- 
cies, and the 
luxuriance of 
growth, of the 
plants; with 
successively 
higher types in 
those which 
give the distill c- 
tive character 
to the vegeta- 
tion of each 
zone. 
•h* .iKiNoco. The sunny 

tropica 1 re- 
gions, which are most abundantly provided with warmth and 
moisture, display the greatest variety of types, and the utmost 
power of vegetable life. With few exceptions, all parts of the 
plant, whether stem, leaf, flower, or fruit, attain their greatest 
development here. 

II. Northern Cold Zones. 

1. The North Polar Zone has a mean annual temperature 
of less than 5° Fahr., with a summer from four to six weeks in 
length. This region is almost devoid of vegetation, its flora 
consisting only of lichens, and a few diminutive Alpine plants 
which spring up and mature during the short summer. 

2. The Arctic Zone, which may properly be designated 
the Zone of the Mostes and Stunted Trees, has a mean annual 
temperature varying from 5° Fahr. in the north, to 30° in the 

south. 
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VEGETABLE LIFE IN DIFFERENT LATITUDES. 



The vegetation consists of but a few species of plants, and these 
are mostly of low types, mosses, lichens, sedges, and ferns, being 
the characteristic forms. Mossy swamps, called tundras, frozen 
during the greater part of the year, occupy a considerable por- 
tion of the lowlands of this zone, in both Europe and Asia. 

The woody plants, — which include some varieties of willow 
and birch, azalea and rhododendron — in general trail along the 
ground, rising but a few inches above it ; while the main stem, 
sometimes several feet long, is hidden among the mosses. 
Stunted trees — dwarf willow, alder, birch, and pine — are, 
however, found near the southern limit of this zone. 

III. Cold-Temperate Zone. 

In the Cold-temperate Zone, or the Zone of the Conifers, 
the mean annual temperature is from 30° to 40° Fahr. This zone 
is charactered • especially by vast forests of cone-bearing trees, 
with evergreen, needle-shaped foliage ; among which the pine, 
spruce, and fir are the predominant forms. 

The willow, birch, and alder occur in greater numbers, and are 
of finer growth, than in the Arctic Zone ; and the ash, the aspen, 
and the larch are occasionally found. There are, also, extensive 
treeless plains which are covered with meadow grasses and wild 
varieties of several useful plants, including flax, Indian rice, and 
oats. 

The indigenous fruits are mainly acid berries, among which 
are the currant, cranberry, raspberry, and strawberry. The 
most hardy of the cereals — oats, barley, and rye — and the 
potato, the turnip, and some other edible roots, can be cultivated 
with success, but only in the more favored localities. 

IT. The Temperate Zone. 

The Temperate Zone, or zone of Deciduous Trees, has a 
mean annual temperature varying from 40° to 60° Fahr. 

The forests — which cover vast areas in North America, 
eastern Europe, and the valleys and slopes of the Altai region 
and Manchuria in Asia — display not only a large number of 
species of stately and beautiful trees, but also a rich and varied 
undergrowth. 

Among the most numerous trees are the oaks, elms, birches, 
maples, beeches, walnuts, and chestnuts ; with the ash, larch, 
linden, alder, and sycamore — all of which lose their foliage in 
autumn. 

The undergrowth consists chiefly of the wild apple, yew, 
holly, hawthorn, wild rose, honeysuckle, clematis, azalea, and 
rhododendron ; varied by the wild grape, and some other climb- 
ing plants. 

The herbaceous vegetation embraces nearly all those families of 
plants which furnish the staple articles of food among civilized 
nations (see page 111, Topic II., 3) ; together with a great 
variety of meadow grasses, and the hemp, flax, and tobacco. 

The most numerous of the other characteristic orders are the 
umbelliferous plants, as the parsnip, carrot, and caraway ; the 
cichoracesB, as the lettuce and dandelion; and the cruciferae, 
including the cabbage, turnip, radish, mustard, etc. The crucif- 
erae, which are almost confined to the northern hemisphere, are 
so numerous and varied as to give a distinctive character to the 
herbaceous flora of the temperate zone, especially in Europe. 

Exceptions to the general abundance of vegetation in the temperate zone are 
found in the high barren plains and plateaus of western North America ; the 
steppes of southeastern Europe, and of western Asia ; and the deserts of Gobi 
and Shamo in eastern Asia. (See pages 24, II., 3* , and 25 ; also 101.) 



Y. Warm-Temperate Zone. 

The Wabm-tbmpbrate Zone, or Zone of Winter Foliage, situ- 
ated a little north of the Tropic of Cancer, has a mean annual 
temperature varying from 60° to 72° Fahr. 

Its characteristic vegetation consists of trees and shrubs which 
retain their foliage throughout the year, though their growth is 
interrupted during the winter. The leaves are in general tough, 
stiff, and glossy; but lack the delicate tints which adorn the 
foliage of the deciduous trees in spring and summer, and the 
more gorgeous hues of autumn. 

Here are found the live-oak, myrtle, laurel, and oleander, and 
the box, invaluable in the arts ; with the cotton, the mulberry, 
and the olive; and tea, rice, and millet. Delicate fruits also 
abound, including the fig, orange, lemon, pomegranate, and 
almond, — all characteristic of this region, — and the choicest 
varieties of the vine. 

YIo Tropical Zone. 

The Tropical Zone, or Zone of Palms and Bananas, has a 
mean annual temperature varying from 72° to 82° Fahr. The 
vegetation embraces an immense variety of species, in general 
remarkable for luxuriance of growth and great development of 
foliage. (See illustration, page 97.) 

The ferns, which in other zones are small herbaceous plants, 
here assume the proportion of trees, rivalling the palms in the 
beauty of their crown of foliage ; and the grasses far surpass those 
of middle latitudes in growth. To the latter class belongs the 
invaluable sugar-cane, and the gigantic bamboo which attains 
the height of 60 feet or more, while its hollow stalk furnishes the 
principal building material used in the East Indian Archipelago. 

One of the most striking characteristics of the tropical forests 
is the great variety of trees which are mingled together, without 
the preponderance of any one family ; while in temperate climes, 
extensive forests of a single family — as of pine, oak, beech, 
etc. — are common. Another distinguishing feature is the 
number of large flowering trees. The plants are perpetually 
covered with verdure, and many yield a constant succession of 
fruits and flowers. 

The food-producing plants, indigenous to this zone, include 
the date, the sago, and the cocoa palm ; the bread fruit and the 
cowtree; the plantain or banana; rice, and the sweet potato, 
yam, arum, and manioc. 

The caoutchouc and gutta-percha, extensively employed in manufactures; the 
rosewood, mahogany, and ebony, so valuable in the arts for their rich color and 
the fine polish they are capable of receiving ; with the cotton, coffee, and a 
multitude of other useful plants, are all natives of the tropical zone. 

YII. Southern Zones. 

1. The Warm-Temperate Zone resembles the correspond- 
ing zone north of the Equator, with the exception that it has 
few native food plants. The limited supply of moisture in Aus- 
tralia and South Africa, gives a peculiar meagreness to the 
general aspect of the vegetable world in those regions, which is, 
however, relieved to a certain extent by the brilliancy of the 
flowers. (Pages 104, 105.) 

2. The Temperate and Cold-Temperate Zones, though 
having a higher average temperature than the corresponding re- 
gions of the north, show less luxuriance and variety of vegetation. 

The former is characterized by forests of beech, and of the 
araucaria, which takes the place of the northern pines ; but the 
latter has only the flora of the Arctic zone. 
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III. — VEGETATION IN THE NORTHERN CON- 
TINENTS. 

I. Similarity. 

In the Arctic zone the vegetation is almost identical through- 
out the three continents, and they show a marked similarity in 
the cold-temperate zone. Advancing southward an increasing 
diversity is apparent, until, in the warm and tropical zones, the 
flora of each continent possesses a distinctive character. 

II. North America. 

1. Temperate and Warm Regions. In the temperate region, 
this continent is distinguished from Asia and Europe, especially 
by the greater variety of its forest trees ; and in the warm, by 
the number of large flowering trees. The most striking of these 
are the tulip-tree, the magnolias, the catalpas, and the locusts. 

The arid plateaus of the warm zone are covered with thickets of the cactus, 
a family of plants peculiar to America; the yucca, a plant of the lily family; the 
agave or American aloe (century plant); and the mesquite, a sort of locust. 

The distribution of forests, fertile prairies, and sterile plains, in the temperate 
and warm zones of this continent, is shown in the map Vegetation of the United 
States, on page 120, which gives also the staple articles of culture in the latter zone. 

2. The tropical region is like South America in the luxu- 
riance and variety of its flora, with nearly the same kinds both 
of trees and of herbaceous plants. (Page 104, II., 2.) 

III. Asia-Europe. 

1. Western Asia and Europe are distinguished by the re- 
markable similarity of their flora, and the great variety of useful 
or beautiful plants which are indigenous. 

The cork-oak, and the box ; the mint, thyme, lavender, and 
other aromatic herbs ; the gladiolus, iris, narcissus, carnation, and 
mignonette, are all indigenous to southern Europe. 

The oleander, syringa, almond, and fine varieties of the cherry, 
are natives of Asia Minor; the peach, melon, cucumber, and 
hyacinth, of Persia ; the choicest varieties of the vine and apri- 
cot, of Armenia; and the date-palm, fig, olive, mulberry, and 
damask-rose, of Syria. All of these are now naturalized in 
southern Europe. 

2. The arid table-lands of Iran and Mongolia produce 
only thorny bushes, or stunted and almost leafless trees, and a 
few species of herbaceous plants, which afford sustenance for 
the herds of the nomadic inhabitants. 

Thibet, being both dry and cold, has, except in certain favored 
spots, the flora of the cold-temperate and Arctic zones. Furze 
and other prickly shrubs, with the gooseberry, currant, hyssop, 
rhubarb, lucern, and assafoetida, are the most common plants ; 



but two or three species of wheat, of buckwheat, and of barley, 
are indigenous in this table-land. 

3. China is the home of the camphor laurel and the paper 
mulberry ; of the tea plant, which abounds both in that country 
and in Japan ; of some species of cotton ; and of the sugar- 
producing sorghum. 

4. India, Indo-China, and the Indian Archipelago dis- 
play, in the lowlands, all the luxuriance and variety of vege- 
tation which belongs to the tropical zone ; while in the more 
elevated regions the trees, shrubs, and herbaceous plants of the 
warm-temperate and temperate zones abound. (See page 102, 
Himalaya Mountains.') 

(1.) Characteristics. Along the coasts are thickets of man- 
groves, and a matted vegetation of forest trees, bamboos, coarse 
grasses, and creeping and climbing plants. The trees are cov- 
ered with parasites, or air plants, of almost infinite variety, one of 
which, the rafflesia, a yard in diameter, is the largest flower known. 

Palms are especially numerous, and occur in a great variety 
of species, some of which bear the largest leaves known. The 
banyan fig, and kindred species, abound, especially in India. 
These remarkable plants send down shoots from the branches, 
which take root and become new trunks, so that a single tree 
often produces a large grove. 

(2.) Useful Plant*. The teak, one of the most valuable of 
timber trees; the gutta-percha, camphor, sandal-wood, and 
ebony ; the true indigo, now naturalized throughout the tropical 
zone ; and a great variety of trees yielding dyes, spices, gums, 
and resins, are natives of this region. The spices, which are 
more especially characteristic of the islands, include the nutmeg, 
clove, cinnamon, cassia, ginger, and black pepper, the last being 
peculiar to the hottest portions of the Archipelago. 

No part of the earth surpasses this region in the number of 
its native fruits and esculent vegetables. Among these are the 
bread-fruit, orange, mango, mangosteen, banana, cocoanut, sweet 
potato, arum, and yam ; and different varieties of the cucumber, 
melon, and gourd family. The sago palm is also a native of 
the Archipelago. 

5. Arabia. In the vast deserts of the interior, mimosas, and 
stunted prickly bushes which appear here and there in the sand, 
form the only vegetation ; but the date palm abounds on the oases. 

In the mountains and valleys of the south and east are many 
varieties of the acacia, from one of which the gum-arabic of 
commerce is obtained. Several species of trees and shrubs also 
yield fragrant balsams or resins, the odoriferous plants giving 
the especial character to the Arabian flora. 



QUESTIONS ON THE MAP OF VEGETATION. (Pages 98, 99.) 



Name the several zones of vegetation. In what continent is the tropical zone 
broadest ? What parts of the New World are included in this zone ? What parts 
of the Old World ? What plants are especially characteristic of the tropical zone ? 

What are the principal coffee districts of the New World ? Of the Old World ? 

In which of these is coffee native? Where is the principal spice district? 
Where is the chief district of rice cultivation ? Where is the principal cotton 
region of the Old World ? In what zone are the principal cotton and rice districts 
ef North America ? Are these plants native, or introduced in this region ? 

What forms the characteristic vegetation of the warm-temperate zone ? 

What part of the New World is included in the northern warm-temperate zone ? 
What parts of the Old World? 

What trees mark this zone in the eastern part of the United States? What 
plants are characteristic of the high western plateaus ? 

Name the principal plants of this zone in Europe; in Africa; in western Asia; 
in eastern Asia. 

What plant is especially characteristic of the eastern portion of China ? 

What part of North America is included in the temperate zone ? In what part 
of the continent is this zone broadest ? In which continent does it lie farthest 
north? 



What is the characteristic vegetation of the temperate zone ? What extensive 
desert lies in this zone ? What is the vegetation of eastern Asia in this zone ? Of 
central and western Asia ? Of Europe ? 

What trees characterize temperate America east of the Rocky Mountains? 
What trees grow on the Sierra Nevada and Cascade Mountains ? Where are the 
only barren regions of North America ? Where is the principal region of tobacco 
culture ? 

Where is the cold-temperate zone situated farthest north ? What part of North 
America is included in it? Of Europe? Of Asia? What is the characteristic 
vegetation of this zone ? What trees form the most extensive forests in this zone 
in North America ? In Europe ? In Asia ? 

What regions are included in the warm-temperate zone of the southern hemis- 
phere? 

What is the characteristic vegetation of this zone ? What lands are included 
in the southern temperate zone ? What are the characteristics of this zone ? 

What lands are included in the southern cold-temperate zone ? What is the 
characteristic vegetation of this zone ? 

How do these southern zones compare in mean temperature with the northern ? 
How do they compare in luxuriance and variety of vegetation ? In useful plants ? 



VERTICAL DISTRIBUTION OF F 



IV. — VEGETATION AT DIFFERENT ALTITUDES. 

I. Vertical Zones of Vegetation. 

In consequence of the diminution of the temperature with in- 
creasing altitude (see page 72, Topic II., 2), vertical zones of 
vegetation may be distinguished, with characteristics no less 
marked than those of the horizontal zones. The observer, pass- 
ing from the base to the summit of high mountains in any lati- 
tude, finds variations in the character of the plants similar to, 
though not identical with, those observed in advancing to higher 
latitudes. 

The above diagram la designed to furnish a graphic representation of the vertical 
distribution of vegetation in the different latitudes. The Andes serve as the type 
for mountains in the tropical zone; the Himalayas, for those in the warm- 
temperate; the Alps, for those in the temperate proper; and the Scandinavian 
Alps for the mountains of the cold-temperate zone. 



II. The Andes and Mexican Mountains. 

1. Tropical Region. Below 4,000 feet of altitude, the vege- 
tation on the slopes of the Andes consists of families of plants 
belonging to the tropical zone ; and displays the luxuriance of 
growth, the abundance of foliage, and the immense variety of 
species which is especially characteristic of tropical America. In 
the lower half of this region, the palms and the various species 
of the banana are the dominant types ; in the upper half, the tree- 
ferns and the fig-family are the most numerous and characteristic 
trees. 

2. Warm Region. Between 4,000 and 8,000 feet the vegeta- 
tion is that of the warm-temperate zone of the New World, and 
is characterized by its thick, lustrous, evergreen foliage. The 
laurel, myrtle, evergreen-oak, and magnolia among trees, and the 
agave, yucca, and cactus among herbaceous plants, give to this 
region its distinctive character. 

3. Temperate Region. From 8,000 to 10,000 feet those fami- 
lies of trees occur which compose the deciduous forests of the 



temperate zone ; but the character of the species is modified by 
that uniformity of temperature throughout the year which distin- 
guishes the tropical zone at every altitude. In this region, and 
in the upper part of the preceding, grows the cinchona, so highly 
valued for the quinine and other remedies obtained from it. 

4. Cold Region. Above 10,000 feet of altitude we find only 
the vegetation belonging to the cold-temperate, arctic, and polar 
zones. Dwarf trees and shrubs, grasses, and alpine flowering 
plants occur in succession, and are followed by a region where 
only lichens grow upon the naked rock, above which are the fields 
of perpetual snow. 

In the Andes of Bolivia, where the snow line is higher than 
under the Equator, these several zones each extend a little higher 
than in the Equatorial Andes. On the mountain*: of Mexico, the 
same succession of zones, and similar species of plants, are gen- 
erally found. There is, however, an exception in the third, or 
temperate region, where the western pine abounds, and the Alpine 
vegetation reaches the snow line. 

III. The Himalayas. 

1. Tropical Region. These mountains are situated on the 
southern boundary of the warm-temperate zone. On their south- 
slope, which is completely sheltered from polar winds, they 

have a narrow belt of tropical vegetation. It extends to the 
altitude of 2,000 feet in the northwest, and 4,000 feet in the 
southeast ; and is marked by the various species of plants belong- 
ing to the flora of India. The palms* bananas, figs, and bamboos 
grow here with scarcely less luxuriance than in the lowlands. 

At tbe foot of the mountains Is a narrow belt of marshy jungle, known as the 
Terai, covered with an almost impenetrable tangle of tropical vegetation, and 
uninhabitable by reason of its malarious climate. 

2. The warm region extends to the altitude of 7,000 or 8,000 

feet, and is characterized by those families of plants which occur 
throughout the warm-temperate zone of the northern hemi- 
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sphere. The oaks, especially, of which twenty-five species grow 
here, attain great size. The long-leaved pine, which is character- 
istic of the Himalayas, also grows luxuriantly. 

3. Temperate Region. Above the warm region, extending 
to an altitude of 11,000 or 12,000 feet, there is a belt of deciduous 
trees, mingled with pines, cedars, and other conifers. All the 
plants are closely allied to those which characterize the temperate 
zone of both Asia-Europe and North America. The poplar, willow, 
maple, alder, ash, and birch are all abundant here ; and rhodo- 
dendrons grow in great variety and beauty. 

4. Cold Regions. Above the last, reaching to the height of 
from 14,000 to 16,000 feet, is a region corresponding to the Arc- 
tic zone, where the vegetation consists of dwarf trees, stunted 
shrubs, and grasses. These are succeeded by small, bright flower- 
ing Alpine plants, which extend to the line of perpetual snows. 

IT. The Alps and Pyrenees. 

1. Warm Region. These mountains, situated on the south- 
ern boundary of the temperate zone, have, upon their southern 
slopes, a nanow belt of vegetation belonging to the warm- 
temperate zone. It is characterized by the fig and the olive, 
which do not, however, extend above the altitude of 500 feet. 

2. Temperate Region. In this region, extending to the alti- 
tude of 2,500 feet, there is a belt of deciduous trees — character- 
ized by the chestnut and oak, and the vineyards, so numerous in 
Switzerland — succeeded by conifers, which extend to about 6,000 
feet. Both belts are mora* strongly marked than in the Hima- 
layas, where the deciduous trees and conifers are largely inter- 
mingled. 

3. Cold Region. The conifers are succeeded by rhododen- 
drons, and diminutive Alpine plants, extending to the height of 
9,000 feet; beyond which are the perpetual snows. This Alpine 
flora is marked especially by very short stems, brilliant flowers, 
and large roots. 



Owing to the warmth of the summer, these mountains and the Himalayas 
show, at the verge of the perpetual snows, a much richer flora, both In number 
of species and beauty of forms and colors, than the corresponding region of the 
Andes, where the uniformity of temperature throughout the year limits the vegeta- 
tion to a few varieties of plants which are mostly of low types. 



T. The Scandinavian Alps. 

These mountains, situated in the cold-temperate zone, show 
only a region of conifers and birches, succeeded by a belt of dwarf 
shrubs and Alpine plants, the characteristic flora of the Arctic 
zone. In the south the conifers extend to about 2,800 feet, the 
birches to 3,500 ; but the altitude to which they grow diminishes 
rapidly towards the north. 



VI. Cultivated Plants. 

The limits of the various species of cultivated plants, in the 
different regions indicated above, are no less marked than those 
of the spontaneous vegetation. They furnish a striking illus- 
tration of the advantage of the varying seasons of the warm- 
temperate zone over the uniformity of the tropical. 

On the Andes and the Mexican mountains, from latitude 16° 
south to 19° north, the average upper limit of the culture of the 
cereal grains and the potato is about 10,000 feet ; but in the pla- 
teau of Bolivia, maize will mature somewhat higher, and barley 
as high as 13,000 feet above the sea level. 

In the Himalayas, between 28° and 34° north latitude, rye and 
barley are successfully cultivated at the altitude of 14,000 feet, 
and wheat at 12,000; while turnips and some other edible roots 
succeed as high as 16,000 feet. 

In the Alps and the Pyrenees, latitudes 42° to 45° north, the 
culture of the cereals terminates at from 4,000 to 6,000 feet of 
altitude. In the Scandinavian Alps, in latitudes 61° to 67°, barley 
and oats grow only near the sea level ; though rye may succeed 
as high as 600 feet above the sea. 
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V. — VEGETATION OF THE SOUTHERN CONTINENTS. 
I. Africa. 

1. Equatorial Africa. Africa, the dryest of the tropical 
continents, and the hottest of all, has, in a large portion of its 
area, a comparatively meagre flora. 

Equatorial Africa, however, from about 15° north latitude to 
20° south, has a luxuriant vegetation, with a general resemblance 
in types to those of India ; yet, even in this most favored zone 
of the continent, we nowhere find such dense, interminable for- 
ests as characterize tropical America. The wooded lands, though 
extensive, are separated by large treeless tracts, which are cov- 
ered with tall sedges and gigantic grasses with branching stems. 

On the borders of this equatorial region, groves of acacias, mi- 
mosas, and cassias, and stunted bushes form a transition to the 
arid, treeless plateaus of South Africa and the deserts of Sahara. 

Palms are nu- 
merous, but are of 
less varied species 
than in other tropi- 
cal lands. The 
doom-palm, remark- 
able as being the 
only species with a 
brandling stem (see 
Illustration), is pe- 
culiar to the basin 
of the Nile, where It 
Is accompanied by 
the nine-palm, with 
Its long flower-clus- 
ters, and the deleb- 
palm, with Its sin- 
gularly swollen 
trunk. The oil- 
palm is found only 
on the coasts of the 
Gulf of Guinea. 

The musanga. 
kindred to the bread- 
fruit of the East In- 
dies, and the yam 
tribe, are plentiful 
throughout equato- 
rial Africa; and cof- 
fee Is indigenous In 
the plateau of Abys- 
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plains on the west- 
ered with thickets of mangroves and other trees, Intermingled with many .poison- 
ous plants. On the higher lands are groves of the baobab, a remarkable tree, 
which, though rarely more than fifty or sixty feet high, has a trunk sometimes 
over thirty feet in diameter. Solitary pandanus trees rise here and there : and 
the butter-tree, peculiar to Africa, abounds. The tamarind, a flowering tree 
simitar to the locust, and valuable for its timber, grows throughout equatorial 
Africa. 

2. Northern Africa. The Mediterranean region of Africa 
bears a marked resemblance to southern Europe, more than half 
the plants which compose the flora of the former being found 
the latter. 

South' of the Atlas region, and upon the oaseB in the midst of 
the desert, are extensive groves of the date-palm which furnishes 
a large part of the food of the inhabitants of the country. 

The plants of the Sahara are few, and consist mainly of prickly 
and thorny bushes and stunted shrubs of the same general 
character as those of Arabia ; yet some portions yield a harsh, 
prickly grass, valuable as food for the camel. 

S. South Africa. The flora of the high, arid, southern part 
of Africa differs entirely from that of other portions of the con- 



tinent; and includes an immense number of species, many of 
which produce flowers of the most gorgeous hues. 

Thorny and prickly shrubs with meagre foliage, and fleshy 
and succulent plants, are the most numerous types. The latter 
include the house-leek tribe, the mesembryanthems, and the leaf- 
less euphorbias which correspond to the cactus family of the 
New World. (See illustration below.) 

The flowering plants include 300 different species of heaths, and over 200 pro- 
teas, both of which are distinguished by their small, narrow, leathery, evergreen 
leaves, and their large clusters of brilliant flowers. Aloes, In great variety, grow 
In thickets, which form the so-called " bush " of South Africa. Many beautiful 
plants of the oxalls, or wood-sorrel tribe, are found here; with nearly every 
known species of gladiolus, and a great number of geraniums (Pelargonium). 

In the dry season the high Interior plateaus have almost the aspect of a desert, 
bearing only a few stunted shrubs, with some succulent plants and mimosas along 
the borders of the streams. Immediately on the commencement of the rainy sea- 
son, however, the germs, bulbs, and roots, which have lain dormant in the parched 
soil, send forth their shoots, and the country is quickly covered with a brilliant 

and varied vegeta- 
tion. 



II. South Amer- 
ica. 

1. General 
Character. 
The wealth of 
moisture which 
characterizes 
the continent of 
South America, 
together with its 
tropical temper- 
ature, secures to 
it a vegetation 
unsurpassed in 
luxuriance of 
growth. 

The especial 
characteristics of 
the South Amer- 
ican flora are its 
great variety of 

Euphorbia. Mcpi>Liibrj»ii|]]c[ij. f 

u*t* or iFBici. markable devel- 

opment of foli- 
age and the brilliancy of its bloBsoras, with the great number of 
large flowering trees. 

2. Forests within the Tropics. Among the most numer- 
ous plants are the palms and bananas, the tree ferns, the fig 
family, — the kindred of the banyan tree, — and the mimosas. 

Reeds and grasses of great height, and a multitude of her- 
baceous flowering plants, including the beautiful Victoria Regia 
(Bee illustration, page 97), enrich the flora, especially in the 
vicinity of the streams. PasBion-flowers, and other Blender 
creepers, twine round the lower plants ; while other vines, often 
as thick as cables, climb the trees, and stretch from bough to 
bough, intermixed with a multitude of- parasitic plants, bearing 
the most brilliant flowers. 

ThiB richness of vegetation, which finds its parallel nowhere, 
except in a comparatively small portion of Asia, extends over 
the larger part of the continent of South America, and the low- 
lands in the tropical portions of North America. It character- 
izes especially the plains of the Amazon basin and the adjacent . 
portions of the Orinoco and La Plata basins. 
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Included in this tropical flora are the mahogany, rosewood, and other trees fur- 
nishing valuable timber or dyes; the invaluable caoutchouc; the coca of the 
Andes, whose leaf possesses powerful stimulant and narcotic properties; the to- 
bacco and the capsicum, or red pepper; the cinchona, and many other medicinal 
plants; and a great variety of plants yielding food, perfumes, balsams, gums, and 

Among the eteutent production* are the yam, whose large tuber replaces the 
potato in hot climates; the cassava, from the root of the manioc; the fruits of 
the Bertholletia, — known in commerce as the "Brazil-nut;" the milky juice 
of the cow-tree; the delicious cherimoya and pineapple; the fruit of the cacao- 
tree, from which chocolate Is prepared; the vanilla, so valued for its perfume; 
and the algaroba bean, ttie fruit of a kind of acacia. The yerba-mate", a species 
of holly, the leaves of which are used as tea, is a native of the Paraguay 

3. Exceptional Regions. In the dryer portions of the 
table-land of Brazil (see Map of the Rains'), the vegetation con- 
sists of stunted deciduous trees and extensive grassy plains, 
interspersed with myrtles and other shrubs. The agave and 
the cactus — the latter peculiar to the New World — also 
abound in these ■ 

hot, arid plains. 

The IAanos, 
of the Orinoco 
basin, are cov- 
ered with tall 
grasses, inter- 
mingled with 
lilies and other 
bulbous flower- 
ing plants in 
great variety 
and beauty, 
with here and 
there groves of 
palms and mi- 
mosas. 

The Pampas, 
within and 
south of the La 
Plata basin, are 
covered with 
tall grass, clo- 
ver, and thick- 
ets of gigantic 
thistles ; while 

the barren plains of Patagonia yield only coarse grass, growing 
in tufts, and the stunted, thorny bushes characteristic of desert 
lands. 

West of the Andes, throughout the zone of the trade-winds, 
the scarcity of moisture is such as to render the soil, in general, 
barren, except where irrigation is resorted to. Chili, in the 
region of the return-trades, is well supplied with moisture, and 
has a rich flora. Extensive forests clothe the mountain slopes, 
including majestic trees of many kinds, which support a beau- 
tiful growth of climbing and parasitical plants. 

The araucaria Imbrlcata, a species of Br tree with large cones enclosing edi- 
ble seeds, grows in the Andes of Chili and Patagonia, and yields a large amount 
of nutriment invaluable to the native Inhabitants. The potato, now cultivated 

extensively in Europe and North America, is indigenous to southern Chili; 
V green-houses and gardens. 
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III. Australia. 

1. General Character, The flora of Australia, though 
including some species kindred to those of southern Africa and 
South America, is yet, in general, of a very exceptional char- 
acter. Many entire orders of plants are known only in Aus- 



tralia ; and the representatives of those families which are 
found elsewhere, here appear in new and pectdiar forms. Scarce 
an edible fruit, grain, or vegetable of any Bort, is indigenous in 
this remarkable continent. 

The scantiness of foliage, and the sombre hues and stiff, lus- 
treless leaves of the almost shadeless forests, unvarying in tint 
from season to season, — and composed of scattering trees, 
with little or no undergrowth, — give an aspect to the Austra- ^^ 
lian landscape unlike that of any other quarter of the globe. ^% 

2. Forests. The myrtle tribe, including the eucalyptus (see 
illustration), and other trees with beautiful flowers of white, 
purple, yellow, and crimson, are the most numerous of Austra- 
lian trees. They grow with rapidity, and frequently attain great 
size, some of the eucalypti being over 400 feet in height, the tall- 
est of known trees. Their leaves are usually elongated and dis- 
persed, and hang down vertically, thus presenting only the edge 

I to the light, and 

casting but lit- 
tle shadow. 

Next in point 
of numbers are 
the acacias, of 
which there are 
nearly 100 spe- 
cies. The foot- 
stalks, placed 
with their edges 
towards the 
stem, replace 
leaves in the 
larger number 
of these sin- 
gular plants. 
They, chief- 
ly, form those 
impenetrable 
thickets, called 
scrub, which 
cover vast 
tracts of the 
usTaiLii a>3K dry interior. 

The casuari- 

nas, or marsh-oaks, producing excellent timber, have long, slen- 
der, wiry branches, with scale-like sheaths instead of leaves; 
and combine with the eucalyptus and acacia to give that singu- 
lar aspect to the Australian landscape, remarked by travellers. 

S. Local Flora. The epacris (a flowering shrub similar 
to the heaths), with scarlet, rose-colored, and white blossoms ; 
proteas in great variety and beauty ; a gigantic lily, with bril- 
liant crimson flowers ; and the zaniia, having the appearance of 
a dwarf palm, — are all abundant in southeastern Australia. 

In the southwest the grass tree, with a tall trunk crowned with 
tufts of long, grassy leaves, grows on the sandy plains ; and plants 
with dry, everlasting blossoms are numerous. Reeds of great size 
often cover the moist lands along the streams ; and open grassy 
plains are frequent in all the southern part of the continent 

In the northeast some peculiar varieties of the fig family grow, 
the pandanus flourishes in the neighborhood of the sea, and a 
few species of palm are found along the eastern coasts. On 
the northern coasts are many species of plants belonging to the 
flora of the Indian Archipelago, among others the cabbage palm, 
some species of nutmeg, and the saudal-wood. 
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VI. — ASPECTS OF NATURE IN DIFFERENT ZONES. 

Explanation of thk Diagram. The abfVe diagram la designed to repre- 
sent the different climates of the globe, from the Equator to the northern limits of 
the continents, about latitude 72°.;*and to exhibit, in the varying angle at which 
the Sun's rays strike the surface of the Earth {see page 70, Topic I., 2), the grand 
cause of the diversity, in light, in temperature, and In the development of life, 
both vegetable and animal. 

The oblique lines which traverse the diagram, represent the increasing obliquity 
of the Sun's rays, from equatorial to polar latitudes; and the colors of the back- 
ground, varying from fiery red at the left to cold blue at the right, show the dimi- 
nution in the intensity of heat and light consequent upon the greater obliquity. 
The duration of the longest day, and the mean annual temperature, at the different 
latitudes, are also given. 

Some of the principal animals and plants of all the climates are given in their 
proper positions, thus showing the effect of light and heat upon their distribution. 
Beneath, in their correct latitudes, are some of the principal cities of each climate. 

I. The Tropical Regions. 

1. Law op Development of Life. Throughout the entire 
realm of nature, in the animal world as well as in the vegetable, 
the development of life increases in energy, and in the variety and 
perfection of the types, with the increasing intensity of light and 
heat, from, the poles to the equator. 

2. tAb Vegetable World. Within the tropica, under the 
stimulating rays of a vertical Sun, grow the most dense and 
varied forests, the most expanded foliage, and the largest and the 
most brilliant flowers. Here, also, are found the most delicious 
fruits, the most powerful aromatics, the greatest variety of plants 
capable of affording sustenance to man, and the largest number 
of those which contribute to the luxuries of civilized life. 

S. The Animal World. In the tropical regions, also, are 
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found the greatest variety of species of land animals ; with the 
highest types, the greatest stature, the most intense activity, and 
the keenest intelligence exhibited in the brute creation. 

This zone is the home of the gigantic elephant and giraffe ; of 
the li'tih and the tiger, the most powerful of all the beasts of 
prey; /and of the gorilla, chimpanzee, and orang-outang, of all 
animals most like to man in figure and organization. 

Here, also, are the ostrich, the largest and most powerful of 
birds ; the condor, surpassing in size all other birds of flight ; 
and the humming-birds of South America, the smallest of the 
feathered tribes, unsurpassed in brilliancy of coloring, rapidity of 
motion, and grace, of form. 

In the same zcnae are those enormous reptiles, the crocodile and 
the boa-constrictor, with the hooded snakes and other serpents of 
most deadly venom ; and insects of all sizes in indescribable pro- 
fusion. 

II. Temperate Regions. 

1. In the Warm-Temperate Zone, though the Sun never 
reaches the zenith, yet during the long summer his rays axe 
almost vertical ; while the winter is so mild that snow and ice are 
of rare occurrence. 

Here the vegetable world is less prodigal in species, and less 
luxuriant in growth, than in the tropical regions ; still, verdure is 
continuous throughout the year, and fruits and flowers succeed 
each other almost without interruption. 

The animal world shows a similar, though less marked, decrease 
iu the exuberance of life. The higher orders are less numerous, 
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the individuals less gigantic and powerful; yet the antelopes, 
among the most graceful of animals, and the camel, one of the 
most useful, especially characterize this zone. 

2. In the Temperate Zone, farther from the tropics, and re- 
ceiving the Sun's rays with greater obliquity, all the forms of vege- 
table growth are more modest than in the preceding. The forests 
are less dense and varied, the foliage is less luxuriant, and flowers 
of brilliant hues are confined to shrubs and herbaceous plants. 

Though useful plants are numerous, yet scarce a species is of 
value in its spontaneous growth ; and, above all, the long dormant 
season, when the trees and shrubs are bare and apparently lifeless, 
stamps the vegetation of this zone with an aspect of inferiority. 

The animal world still shows a large number of noble species; 
y^t_ there are some orders which, like the plants, are dormant 
daring the winter; while many of the birdB migrate to warmer 
climes. 

Here — associated with deciduous forests, boundless fertile prai- 
ries, and arid steppes — are the bear, the wolf, the lynx, the bison, 
and many species of elk and deer. Here is the home of the horse, 
the ass, and many varieties of oxen, sheep, and goats, — those 
animals which, domesticated by man, have accompanied him to all 
climes, adapting themselves to all circumstances. 

The American turkey, the European pheasant, and the Asiatic 
parents of many of our domestic fowls, also belong to the tem- 
perate zone ; together with a multitude of song birds, whose sober 
plumage, contrasting so gloomily with the brilliant colors of their 
neighbors of the tropics, is compensated by the sweetness of their 
notes. Here, also, is the home of the honey-bee, and of the silk- 
worm, almost the only insects directly nseful to man. 



III. Cold Regions. 

1. General Aspect. In these regions, where the sun is always 
low, and in winter is above the horizon but a small part of the 
time, all nature becomes increasingly monotonous. The conifers, 
with their stiff forms and sombre hues, impart a dreary aspect 
even to the summer landscape ; and* during the long winter, all 
life seems suspended. 

2. The animal world, however, is more rich and varied than 
the vegetable, 

In the zone of the conifers we meet the great moose and the 
brown bear, the beaver and other rodents, in large numbers ; the 
sable, the mink, the ermine, and a host of other animals whose 
fine, soft furs form one of the main resources of this inhospitable 
clime. 

In the Arctic Zone — where these forests give place to dwarf 
trees, stunted or creeping shrubs, mosses, and lichens — the rein- 
deer, the musk-ox, and the white bear are the only representatives 
of the larger land animals, though the smaller furry tribes are still 
numerous. 

The sea, however, more genial in its temperature than the 
land, Bwarms with living creatures of innumerable species, 
among which are the largest representatives of the animal king- 
dom. 

The whale, the walrus, and the seal, inhabit the Arctic seas ; 
with every grade of marine life, down to the animalculsB, which 
are so numerous as to give their color to great areas of sea- 
water ; and water-fowl, without number, and of many varieties, 
enliven the icy shores. 
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VII. — ANIMAL LIFE IN THE NORTHERN CONTI- 
NENTS. 

I. General Similarity. 

1. Extent op Resemblance. The three northern conti- 
nents — so like in their general climatic conditions, and in their 
vegetation — are, in the main, inhabited by the same orders and 
genera of animals, though, as in the vegetation, few species are 
identical. Insects, reptiles, birds, and mammals, all appear in 
kindred species, so like, in many cases, that the superficial ob- 
server would declare them to be identical. 

2. Orders Common. Antelopes, of different kinds, are 
found in each of the three continents ; and the reindeer, the 
elks, and some other kinds of deer, are so similar that even zool- 
ogists are in doubt whether they are really of distinct species. 

The bison and musk-ox of America, also, are closely related 
to the aurochs 
of Europe and 
the yak and 
other oxen of 
Asia ; aud the 
big-horn sheep 
of the Rocky 
Mountains 
finds its kin- 
dred in the 
moufflon of 
Southern Eu- 
rope, and the 
argali and oth- 
er sheep of 
Western and 
Central Asia. 
Goats of sev- 
eral species, 
and the wild 
boar, though 
wanting in 
America, are 
common to Eu- 
rope and Asia. it.ii. pm™. mom >:..l*. bw 

Thecattribe T^" ™" 

abounds in all 

three continents; also bears, wolves, dogs, and foxes. The 
rodents, or gnawers (beavers, rabbits, squirrels, rats, mice, 
etc.); and the minks and ermines, with others of their tribe, 
are but slightly different in the several continents. 

II. North America. 

1. Characteristic Animals. North America, with its 
wealth of moisture and abundance of vegetation, and its vast 
rivers and lakes, is characterized by the predominance of the 
herbiverous over the carnivorous animals ; by the great number 
of rodents, many of which are aquatic animals ; and by its innu- 
merable water-fowls. 

Nearly all the orders of the Old World, including both web- 
footed birds and waders, are represented in North America, with 
many peculiar to the New. Other birds are very numerous, 
among which are the turkey, peculiar to this continent ; various 
kinds of pigeons; the quail, the partridge, and a great variety 
of other game. 

The deer — the ruminant (cud-chewer) of the forest — occurs 
in a variety of species, and in great numbers ; while the antelope 



and the bison roam the high western plains. The bisons feed and 
move in immense herds, sometimes numbering scores of thousands. 

2. Other Species. The brown and the white bear inhabit the 
Arctic regions; the grizzly bear, the largest and most ferocious of 
its kind, is found in the Rocky and Sierra Nevada mountains ; and 
the black bear, in the forests of the East. Bogs are indigenous 
in the far North, where some varieties have been domesticated. 

The puma, or American lion — commonly called the panther — 
is the most powerful ai.hnal of the cat tribe belonging to North 
America, and replaces in this continent the lion and tiger of Asia. 

III. Asia-Europe. 

1. Asia is especially characterized by the great num- 
ber of animals capable of domestication, which are found in 
every part of the continent. The horse, the ass, and the yak ; 

the valuable 
Cashmere and 
Angora goats; 
several varie- 
ties of sheep; 
and the Bactri- 
an camel, with 
two humps, are 
all indigenous 
in Central 
Asia, and all 
were already 
the servants of 
man at the 
dawn of his- 
tory. 

Southern 
Asia has the 
swine, and the 
gigantic ele- 
phant; the 
zebu and the 
buffalo, early 
domesticated 

U«r. llcindecr. Ch.MK,!.. Vlk. While Bemr. by the native 
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thi mobteibm cosTiHiHw man, together 

with a number 
of other oxen still wild. Western Asia has the dromedary or 
Arabian camel, with one hump ; the Syrian ox, and several 
sheep and goats ; and northern Asia has the reindeer. 

2. Tropical Asia, which includes the Indian Archipelago 
and the adjacent peninsulas, is the home of the highest orderi of 
animals, though their species are less numerous than in Africa. 

Here are found the orang-outang, so like to the human form 
that he is called by the Malays the man of the woods; many 
species of apes and monkeys peculiar to Asia ; and the Indian 
elephant, the rhinoceros, the tapir, and the wild boar. 

The carnivorous animals are numerous and powerful. The 
royal tiger, the handsomest and most formidable of these, in- 
habits the jungles of Hindostan; leopards and panthers are 
common, and the lion is seen in some parts of Indo-China. 

Four species of bears are found in India, and wolves, foxes, 
hyenas, and jackals occur nearly everywhere. 

The roussette bat, the largest known species, the body of 
which is two feet long, abounds in Java, with many other vari- 
eties of bats, both herbivorous and carnivorous. Two species 
of pangolin, or ant-eater, also belong to the archipelago. 
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Birds of the most brilliant plumage adorn the vast forests, 
including many families which, in temperate climates, are clad 
in sober hues. This is the home of the great green parrot, so 
eiisily taught to speak, with a host of kindred species of every 
color ; of the peacock, and of the beautiful gold and silver pheas- 
ants. From here, also, our common domestic fowls are derived. 

The crocodile and other reptiles frequent the rivers, venomous 
snakes being especially numerous ; and insects of large size and 
brilliant tints abound. 

8. Europe, which forms the peninsular headland of the great 
double continent, has no family or order of animals peculiarly 
its own ; and a large number of its species are found in Asia or 
North America. Western Asia, Europe, and the Mediterranean 
region of Africa, so closely united, form but one zoological prov- 
ince, the principal types of animals, as of plants, being nearly 
identical. 

The European reindeer, goat, fallow-deer, red deer, swine and 
cat, have all been domesticated ; and it is possible that the 
moufflon of Corsica, and the wild cattle of Britain, may be the 
parents of the indispensable domestic sheep and kine. 

VIII. — ANIMALS OF THE SOUTHERN CONTINENTS. 
I. Africa. 

1. General Character. The mammalia, the highest divis- 
ion of the animal kingdom, are especially characteristic of 
Africa, the 
highest orders 
occurring in 
greater num- 
bers, both of 
species and of 
individuals, 
than in any 
other conti- 
nent. More 
than two-thirds 
of the species 
inhabiting this 
continent are 
peculiar to it, 
though many 
are represented 
by kindred spe- 
cies in tropical 
Asia. 

Since so large 
a part of Africa 
is either utterly 
barren, or cov- 
ered by tempo- Lwpwi. Ei.mii zdn. r 

3 Y Qua. Li<in. Bafltio. 

rary vegetation o-wwxiM.ru 

and watered by 

streams that flow only during the rainy season, fleet animals, 
8tted to live on arid plains, and the carnivorous animals, which 
prey upon them, are particularly numerous. The most bulky spe- 
cies of the land animals also abound in equatorial Africa, espe- 
cially in the lake regions and in the neighborhood of the coasts. 

2. The ARID regions of southern Africa and the borders of 
the Sahara, which during the rainy season have a rich and varied 
vegetation, are inhabited by immense herds of antelopes, of 
almost innumerable species, among which the eland is the lar- 



gest, and the gnu the most peculiar; by the zebra, and its kin- 
dred the quagga — animals of the horse kind; together with 
lions, leopards, panthers, and other beasts of prey, everywhere 
numerous. The ostrich also abounds in the arid plains both of 
Northern and of Southern Africa. 

3. Equatorial Africa. Principal Mammals. This portion 
of Afriea is the home of species of the elephant and rhinoceros 
differing from those in Asia ; of the hippopotamus, peculiar to 
Africa ; and of the wild boar. 

The giraffe, or eamelopard, the largest of the ruminants, also 
peculiar to Africa, is found everywhere south of the Sahara; 
together with several varieties of oxen and buffaloes, sheep 
and goats. 

The chimpanzee and the gorilla, kindred to the orang-outang, 
inhabit the forests of the western coasts ; with apes and monkeys 
of many species, and large bats in great numbers. 

Birds in great variety abound, there being no less than 59 
species of birds of prey in this continent. Kingfishers and 
swallows, the most brilliantly colored of their kinds ; and 
guinea-fowls in immense flocks, frequent the margins of the 
lakes and streams. 

Web-footed birds and waders are also numerous. Among 
these are the beautiful Numidian crane, the ibis, the sacred bird 
of the ancient Egyptians, and the flamingo. 

Honey-birds, the representatives of the American humming- 
birds, abound in South Africa, where the many flowering plants 

supply them 
with food. 

The croco- 
dile and other 
reptiles inhabit 
the marshes 
and the borders 
of the lakes and 
streams; and 
tree serpents, 
also, are numer- 
ous. Among 
the latter is the 
python, the 
Old World kin- 
dred of the 
American boa- 
constrictor. 

II. South 
America. 

1. General 
Character. 
South Amer- 
ica, with its 
wealth of moist- 
ure and its luxuriant vegetation, is distinguished by animals 
quite unlike the predominant species of Africa. 

Those which give the peculiar character of the animal world in 
South America, are such as, by their mode of life, are connected 
most closely with the vegetable kingdom and the watery element. 
The insect world is nowhere more rich, varied, and beautiful. 
The variety of species is almost inexhaustible, while in bril- 
liancy of coloring and size of the body they are unsurpassed. 
The reptiles, for which the many rivers, and the lagoons of 
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the rainy season, furnish a most suitable abode, are especially 
numerous. 

The alligator — the crocodile of the New World — multiplies 

the warm, sluggish waters ; and those gigantic lizards, the 
iguana and the basilisk, abound. The forests harbor serpents 

immense numbers, and of almost every variety, including 
the monstrous boa-constrictor, the terror even of the native 
inhabitants. 

2. Characteristic Birds. The most characteristic birds are 
the stilt-plovers, inhabitants of the marshes and the shores, the 
species of which are more numerous in South America than in 
any other continent. Other waders and water-fowls without 
number are found here, including flamingoes, herons, ducks, 
and gulls. Of the humming-bird, which is confined to the New 
World, there are 150 species in South America, the continent of 
flowering forests, and but four in the whole of North America. 

Among oth- 
er bird* pecu- 
liar to South 
America, are 
the toucan, 
with vivid col- 
ors and an 
enormous 
beak ; and a 
number of spe- 
cies of long- 
tailed parrots, 
inferior in in- 
telligence to 
those of India. 

The condor, 
the largest of 
vultures, in- 
habits the An- 
des at 15,000 
feet or more 
above the sea. 
The rhea, or 
American os- 
trich, lives on 

the treeless \ oHuncmBiBiio *«imi 

plains of the 

La Plata basin, and a bird of kindred species roams the high, 
arid plains of Patagonia. 

8. Characteristic Mammals. Among the mammals, also, 
the dominant types are those of an inferior character. Opossums, 
a subdivision of the marsupials, 1 the lowest of the mammals in 
organization, are numerous, but none are much larger than a rat. 

The order of edentata — including the armadillo, pangolin, 
ant-eater, and sloth — is especially characteristic of South Amer- 
ica. This continent has twenty species of these animals, while 
but four species occur in Africa and Asia together. 

4. Higher Orders. The South American representatives of 
the higher orders are smaller, less strong, and in every respect 
inferior to the corresponding animals of the Old World. In- 
Btead^of the gigantic elephant, rhinoceros, and hippopotamus, 
and the fierce wild boar. South America has in this order only 
the feeble and harmless tapir, and the peccary. 

In place of the camel and dromedary, antelopes, oxen, sheep. 
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and other ruminating animals, — so numerous in Africa and 
tropical Asia, — South America has, besides a few deer, only 
the llama, alpaca, and vicuna of the Andes, and the guanaco of 
the plains. The llama, though allied to the camel, is scarce 
half its size, and has not a tithe of its strength or endurance. 

The majestic lion, tiger, and leopard, are represented in South 
America by the puma, the ounce or jaguar, and the ocelot, 
which, though fierce and powerful, are much smaller than their 
Old World kindred. 

The monkeys of South America, also, — with a prehensile 
tail, and a wide, flat nose, — are of a lower order than the 
tailless monkey of the Old World; while the apes, more resem- 
bling the human form, are entirely wanting in this continent. 

III. Australia. 

1. General Character. The fauna of Australia differs 
from that of 
all other con- 
tinents as 
greatly as does 
its flora. Its 
animals are 
not only few 
in species, and 
in numbers 
when com- 
pared with the 
extent of the 
continent, but 
are of a very 
unusual type. 
The majority 
are peculiar to 
this continent, 
and have not 
even kindred 
types else- 
where. 

2. Char- 
acteristic 

A N IMA LS. 
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especially 
characterized by the marsupials, which inhabit this continent 
in great numbers, and all of which, with the exception of the 
opossums, are confined to Australia and its islands. 

The Australian marsupials include a large number of families, 
some of which are carnivorous, others herbivorous. Many 
resemble in their habits, and to a certain extent in appearance, 
animals of higher orders in other continents. The most numer- 
ous and characteristic, as well as the largest, are the kangaroos, 
of which there are nearly forty species. 

The ornithorhynchus and the echidna (illustration, p. Ill), 
are the most remarkable of Australian animals. The former, 
which is covered with fur, has a head, body, and legs similar to 
a quadruped, with the bill of a duck, and partially webbed feet. 
The latter, similar in organization, is covered with quills like a 
porcupine, is a burrowing animal, feeds on ants, and lies dor- 
mant during the winter. 

3. Higher Orders. The large, noble, and powerful ani- 
mals, so numerous in Africa, are entirely wanting in Australia, 
as are also the monkeys, so abundant in both of the other 
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southern continents. There are no native ruminating animals, 
large or small ; nor any beasts of prey larger than the wild dog, 
or dingo, and a carnivorous marsupial called the Tasmanian wolf. 
4. The birds of Australia are no less peculiar than the mam- 
mals. Among them are the beautiful lyre bird, and the birds of 
paradise ; a large number of parrots and cockatoos, unlike those 
of the other continents ; the emu and the cassowary, birds of 
the ostrich kind, which inhabit the arid plains of the interior; 
and apteryx, whose singular forms recall the birds of geological 
times. 

II. — PROVISION FOR HUMAN LIFE. 

I. — FOOD, RAIMENT, AND SHELTER. 

I. Introduction. 

Man, even in the most primitive conditions of society, must 
provide himself with food, raiment, shelter from the elements, 
and imple- 
ments with " "" """ ~ 
which to ac- 
complish his 
designs. Na- 
ture furnishes 
him the materi- 
als for all these, 
which he em- 
ploys, either in 
their crude 
state, or in 
modified forms 
which are the 
result of his 
own activity 
and skill. Of 
all the vast 
wealth of na- 
ture, however, 
whether in the 
vegetable, the 
animal, or the 
mineral king- 
dom, compara- hu<uJ»l "a**?**" . 
lively few 
things are di- 
rectly useful in supplying the wants, < 
progress, of the human family. 



3. In the Temperate Zone, a considerable proportion of 
the food consists of animal substances, and the food-plants require 
cultivation to make them available to any extent. 

The native fruits, grains, and edible roots, or root-stocks, are, 
in their wild condition, of little value for purposes of nutrition, 
and are confined to limited areas; while the long dormant sea- 
son of winter cuts off all supplies for a part of the year. Hence 
in this zone, where nature furnishes, so to speak, only the germs 
of food-plants, man is obliged constantly to supplement her 
work by forethought and intelligent labor. 

The animal food, in the Old World, has been from time im- 
memorial derived chiefly from domesticated animals ; while the 
native man of the New World seems to have always depended 
on the wild animals of the chase, few tribes having risen above 
the condition of hunters. 

4. In the Frigid Zone, food-plants are almost entirely 
wanting. The sustenance of the native man is chiefly, if not 
wholly, animal ; and is derived to a great extent from the inhab- 
itants of the 



contributing to the 



II. 

1. Extent of Supply. Food sufficient for the support of 
life, either from the vegetable or the animal kingdom, is found 
in all climes, for all are inhabited. The materials employed, 
however, vary with the climate. 

2. In the Tropical Zone the diet of the native man is 
almost exclusively vegetable ; and is obtained from plants grow- 
ing spontaneously, and furnishing a constant supply of food in 
all seasons of the year. 

Chief among these are the bread-fruit tree (Artocarpus), and 
kindred species ; the banana (Musa), the manioc (Jatropha 
manihot), the arum or taro (Colocasia), the yams (Dioscorea), 
and the palms. 



5 . Food 
Plants op 
Civilized Na- 
tions. The 
main sources of 
the vegetable 
food of civil- 
ized nations are 
the cereals, — 
including 
wheat, rye, 
oats, barley, 
maize, millet or 
durrah, and 
rice ; the differ- 
ent varieties of 
pulse, — as peas, 
beans, and len- 
tils ; a few 
plants yielding 
esculent tubers, 
bulbs, roots, or 
leaves, — as the 
potato, sweet 
potato, onion, 
beet, carrot, and cabbage ; the cucumber family, as the melon, 
squash, etc.; and a few succulent fruits, chiefly of the apple, 
pear, peach, plum, grape, and citron families. 

Millet forms the chief bread-corn of Africa, and is commonly used in tropical 
Asia also; but rice probably furnishes sustenance to a larger proportion of the 
human family than any other single plant, being in constant use, as the chief 
article of diet, In India, China, and Japan. The other cereals, with the exception 
of maiie, do not thrive within the tropics, except on the elevated lands. 

The ilnt n replaces bread to a great extent among the Inhabitants of the arid 
regions of northern Africa and western Asia, where it is cultivated in the oases. 



III. Luxuries. 

1. Articler of Ltrxtmv. There are other articles which, though not essen- 
tial to the sustenance of the body, — some being even highly Injurious, — are, 
nevertheless, in constant use among the different peoples of the earth. These 
may be distinguished as luxuries. 

This class includes sugar, and the spices, which are used as condiments; tea, 
coffee, and chocolate, employed as accompaniments to solid food; a variety of 
stimulating beverages; and narcotics, especially tobacco, opium, and hashish 
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which is extracted from the common hemp, and is said to surpass opium in its 
intoxicating effects. 

Of the narcotics, only the first named is used to any extent in Europe and 
America; the second replaces it in eastern Asia; while in western Asia, especially 
among the Turks, all three are habitually employed. Perfumes in great variety 
are also in constant use, both among European and Oriental nations. 

2. Commercial Importance. These, and other articles of luxury, the 
production of which is confined to the tropical zone, or to limited areas in tem- 
perate latitudes, enter largely into the commerce of the nations of Europe and 
America. Thus they furnish occasion for that constant intercourse of the latter 
with the less advanced peoples of Asia and the barbarous races of the tropics, 
by which the benefits of civilization are extending throughout the world. The 
luxuries of life — "spicery, balm, and myrrh" — were also among the earliest 
known articles of commerce. (See Metals, below.) 

IT. Materials for Raiment. 

Textile Materials, from either the vegetable or the animal 
kingdom, abound throughout the tropical and temperate zones. 
Those chiefly in use are wool, from the sheep and goat of the 
northern temperate zone, and the alpaca of the southern ; flax, 
the product of the northern temperate ; and silk and cotton, of 
the warm-temperate and the tropical. In the cold zones these 
articles are replaced to a great extent by the furs and skins of 
the wild animals. 

The common hemp (Cannabis), a plant closely allied to the nettle, yields a 
remarkably tough fibre, capable of being manufactured into linen and cordage. 
The leaf of the pineapple (Anana) furnishes the material from which a delicate 
transparent tissue, known as pina-cloth, is woven. The leaf of the so-called 
New Zealand flax (Phormium), a plant of the lily family, affords a strong fibre 
similar to flax, and was in use among the native inhabitants of New Zealand at 
the discovery of their island by Europeans. A considerable number of other 
plants, especially within the tropics, furnish fibres suitable for the manufacture 
of coarse cloth or cordage, and are in use among the native peoples. 

Y. Materials of Construction. 

Timber suitable for the construction of buildings, 6hips, or 
vehicles for land transportation, and the furniture and imple- 
ments of common life, abounds in all of the zones; but the 
superior hardness, rich color, and fine grain of many woods 
of the tropical zone, fit them especially for the construction of 
those articles in which elegance as well as durability is sought. 

The rocks of the earth, — granite, sandstone, marble, etc., — 
everywhere near the surface except in alluvial plains, form an 
almost imperishable building material; and, where these and 
timber are wanting, clay, moulded into brick, serves the same 
purpose. In the frozen zone, among the Esquimaux, even 
blocks of snow serve to construct comfortable abodes. 

II. — MINERALS EMPLOYED IN THE ARTS. 
I. Distributions in the Continents. 

North America, in the eastern half, is characterized especially 
by the useful minerals, coal, iron, copper, and lead. The work- 
able coal-fields of North America exceed in extent those of all 
other countries taken together. The precious metals abound in 
the West — gold especially in the Sierra Nevada Mountains, 
silver in the plateaus of Mexico and the United States, and 
both in the Rocky Mountains. Mercury, essential in gold and 
silver mining, also abounds in California. 

Europe is characterized by an abundance and wide diffusion 
of nearly all of the useful minerals. The precious metals occur 
in many places, but, except in the Ural Mountains, and the 
Little Carpathians, they are found only in comparatively limited 
quantities. Diamonds are found in the Urals, other gems are 
numerous in Spain and Transylvania ; and the most beautiful 
marbles abound in the southern peninsulas. 

Asia, like Europe, is distinguished by the variety of its valu- 



able minerals. The precious metals are found in greater abun- 
dance than in Europe, especially in China, the Altai Mountains, 
and India ; also in the Archipelago, where they are associated 
with diamonds. The diamonds of Golconda, in India, were famous 
in ancient times, but they are now nearly exhausted. Rubies 
and other gems are found in India, in Mongolia, and elsewhere. 

South America possesses inexhaustible supplies of both precious 
and useful metals, especially in the Andes, where copper and silver 
are particularly abundant. Diamonds abound in Brazil, in the 
neighborhood of its central water-shed, where gold is also found. 

In Africa, so far as known, iron, copper, and gold are the most 
widely diffused of the metals ; but our knowledge of the min- 
eral wealth of this vast continent is very imperfect. Rich 
diamond fields have recently been discovered in the basin of 
the Orange River. 

Australia is characterized by the great abundance of gold in 
the southeastern part, and the inexhaustible supplies of the finest 
copper in the south. Silver, mercury, lead, zinc, and iron also 
are found in workable quantities. Thus the poverty of the 
vegetable and the animal world in this continent is compensated 
by its mineral wealth. 

Iron, coal, and salt, the most indispensable of minerals, are 
more widely diffused than any other. No continent is deprived 
of them, and few countries lack an abundant supply. 

Salt, the only substance used as food which is taken directly from the mineral 
kingdom, is obtained by evaporation from springs, salt lakes, and sea-water; 
and also occurs in beds of crystalline or rock salt. 

The most famous of salt mines is that at Wieliczka, near Cracow, in the Aus- 
trian Empire. This mine, which has been worked since the middle of the thir- 
teenth century, and seems inexhaustible, forms a veritable underground city, 
where people pass their entire lives without seeing the light of the sun. Our 
own country contains several rich salt-beds. Chief among them is the Muddy 
Salt Mine in southern Nevada, a bed of pure, transparent, crystalline salt, with 
an area of two square miles or more, and an unknown depth. Another, con- 
taining 146 acres, occurs in an island of the Gulf of Mexico, near the mouth of 
Atchaf alaya Bayou. 

The distribution of coal, diamonds, and the useful and precious metals, is 
indicated on the accompanying map. Each has its special sign and the compara- 
tive amount which occurs in any given region is indicated by the size of the sign. 

II. The Principal Metals. 

1. Natural Conditions. Iron, lead, tin, mercury, and zinc, in workable 
quantities, occur only in the form of ores. Copper and silver occur as ores, and 
also in the metallic state. Native, or metallic, copper is found in every conti- 
nent, and, though much less abundant, is almost as widely diffused as iron. 

Gold and platinum occur only in the metallic state, either pure, or alloyed 
with silver or other rare metals. They are found both in mines, and also among 
the sand and gravel in river beds, or alluvial formations called placers, where the 
dSbris of metalliferous rocks have been deposited. 



QUESTIONS ON THE MAP OF MINERALS. 

In what two regions of the globe is gold most abundant ? 

In what three regions in Asia-Europe is it found in the largest quantities ? 

In what two continents is the largest quantity of silver V 

In what two regions in Asia-Europe is silver most abundant? 

In what parts of Europe are the richest iron mines ? In what parts of North 
America ? 

What metals, besides silver and copper, occur in the northern half of the 
Andes ? In the central and southern Andes ? 

What metals, besides silver, abound in Central America and Mexico ? 

What minerals are found in the British Isles? In Japan? In Borneo? In 
China ? In India? In the Altai Mountains? In the Urals ? In Central Europe ? 
In France and Spain ? In Southern Africa ? In New Zealand? 

Name all the regions in which diamonds are plentiful. 

What minerals abound in the United States east of the Mississippi? 

What minerals abound in the region included between the Ohio, the upper 
Mississippi, and Lake Superior? 

What minerals, besides gold, near our Pacific seaboard? 

What, besides silver, in our great plateaus ? What, besides gold and silver, in 
our portion of the Rocky Mountains 7 

Where are our richest deposits of iron ? Of lead? Zinc? Copper? Mercury? 

Where (see small map) are the greatest coal-fields of the United States ? 

Where are the principal petroleum regions ? 

Where are our three main gold-fields 7 

Where is our principal silver region ? 

In what regions east of the Mississippi is gold found? 
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2. Antiquity or Use. Copper, which abounds as a native metal, tin, used 
to alloy It, and gold and silver, were in use in western Asia in the most remote 
antiquity, the first two being the earliest employed in the arts of life. Weapons, 
ornaments, vases, and other works of art, in pure copper, or in bronze formed 
by alloying copper with ten per cent of tin, are found among the remains of pre- 
historic ages, where articles in other metals, of equal antiquity, are entirely 
wanting. Lead and iron were, however, in use in the earliest historic times. 

Weapons and cutting implements of stone, either rough or polished, seem to 
have preceded the use of metals everywhere except In Iran, Syria, and Egypt, 
where there are no indications of a period in which metals were unknown. 

Zinc replaces tin in some of the antique bronzes, but it seems to have been 
procured In the reduction of copper ores, with which it often occurs. No zinc 
mines were known until near the Christian era. Mercury, indispensable to 
modem civilization, and platinum, invaluable to the chemist, were unknown to 
the ancients. 

3. Ancient Mines. The following were the chief sources whence the an- 
cients were supplied with the metals: — 

Copper — Nubia, and the Sinai peninsula; northern Syria, Armenia, and 
eastern Asia Minor (Pontus); the Island of Cyprus; Greece, Italy, and Spain. 

Tin — The Hindoo Koosh, and the southern Caucasus, — apparently little 
worked; Spain, the peninsula of Cornwall in England, and the adjacent Scllly 
Islands. The western mines alone supplied the merchants of ancient SIdon, 
Tyre, Phoenicia, and Egypt with this metal, which they transported even into 
India. Tin, from Its rarity arid importance, was a most precious metal of the 
early ages. 

Silver and Gold— The Caucasus, Armenia, Pontus, northern Syria, and In- 
dia; Nubia and south-eastern Africa; Spain and the Pyrenees. 

Lead — Nubia, Asia Minor, the Island of Sardinia, Spain, and England. Zinc — 
Asia Minor. Iron — Nubia, Armenia, the Caucasus, Pontus, Syria, and Cyprus. 

4. Ancient Commerce. The metals, gems from Spain and India, and 
amber from the shores of the Bal- 



tic, with spices and perfun 
the earliest known objects of com- 
merce. All the routes of ancient 
trade, aud consequently of the 

spread of civilization from its ear- 
liest seats in western Asia and 
Egypt, were governed by the dis- 
tribution of these articles. 



II— THE HUMAN 
FAMILY. 

I. — RACES OF MEN. 
I. Introduction. 



TYPICAL MAN. 




1. Extent of Dibper- 
sion of Mankind. Man, 
unlike the individual spe- 
cies of animals or of plants, 
is confined to no climate, to 
no fixed assemblage of physi- 
cal conditions. Though the 
greater portion of the hu- 
man family inhabit the tem- 
perate latitudes, yet man is 
found in every zone ; adapt> 
ing himself alike to the 

burning heat and continu- ; 

ous summer of the tropics, vv 

and the intense cold and -i^S 

almost unbroken winter of ' \ 

the polar regions. All climes samhbican. j. t 

furnish him materials for THt EiC , 

food, raiment, and shelter, 
suited to his needs in the circumstances which surround him, 

2. Diversity. Under the influence of ever-varying external 
conditions, the human family, — while preserving in all climes, 
and under all circumstances, certain common features of body and 
mind, which mark them as one, — display an almost unlimited 
diversity of physical and mental qualities, and of social conditions. 



The form and features show every gradation, from the sym- 
metry, grace, and dignity of the ideal man, portrayed by the 
sculptors of ancient Greece, to the ugliness and deformity of the 
Hottentot and the Fuegian. The color of the skin varies from 
white tinted with rose, through brownish or yellowish hues, 
to an almost jet black. 

The temperament is here ardent and impulsive, the emotions 
responding with the vivacity of childhood to every impression, 
whether joyous or sad ; there it is cold, passive, as in old age, 
almost insensible alike to pain or pleasure. 

The social condition varies from the refinement and culture of 
the European nations, to the degradation of the savage who 
roams the tropical forests, or burrows in the earth in the Arctic 
islands. 

3. Races of Men. Notwithstanding thiB almost infinite 
diversity in the human family, certain physical features and 
mental characteristics, which have remained unchanged from 
a time anterior to all history, are common to great groups of 
men. These different groups, however, are not so sharply 
defined that they can be regarded as specifically different; 
hence they are denominated races, instead of species, like the 
distinct groups of the animal kingdom. 

The number of races recognized by different ethnologists varies 
according to the number 
of common features which 
each regards as essential to 
constitute a distinct type. 
Those usually taken into 
account are the stature and 
proportions of the body ; 
the form of the head and 
of the features ; the color 
* of the skin, and the appear- 

ance and relative abundance 
of the hair and beard. 

The races are often desig- 
nated by the color, the most 
obvious distinction, though 
far from being a funda- 
mental or a constant one ; 
as the white race, the yellow 
race, the black, the red, etc. 



white tAFBicAB. j[ t The Geographical 

Races. 

1. Number. From a geo- 
graphical point of view, six 
distinct races are recogniz- 
( able, each connected witli 

'"; one of the great geographi- 

*jf "■• ■ cal regions of the earth. 

..»--» 7 .~ Each shows, throughout all 

alav. s. absthalian. i ta branches, a common 

a op «en. type, coinciding in all essen- 

tial features with one of the 
types recognized as distinct by the most careful ethnologists. 

2. Location and Name. The geographical races are as 
follows : — 

(1) The Central, or White race, occupying western Asia and 
India, Europe, and the Mediterranean region of Africa, — the 
heart and centre of the great mass of the Old World. 
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(2) The Mongolia, or Yellow race, occupying the whole of 
eastern Asia, exclusive of India. 

(3) The African, or Negro race (from the Latin niger, black), 
occupying all of Africa south of the Sahara. 

(4) The' Australian, a Black race, occupying Australia and 
its islands. 

(5) The Malayan, or Brown race, occupying the Malay 
Peninsula, the Indian Archipelago, and the islands of the Pa- 
cific and Indian Oceans ; extending from Madagascar to the 
easternmost limits of Polynesia, and from the Sandwich Islands 
southward to New Zealand. 

(6) The American, or Copper-colored race, occupying the 
entire New World, exclusive of the Arctic shores and islands. 

people the three connected con- 
of the Old World, — one in the 
the north and east, and one at the southwest. Two others people 
the remote continents, the Americas and Australia, while one is insular. 

3. Characteristics. (1) The White race are distinguished 



It will be observed that three of these 
tinents which form the great, compact 



nose broad and flat, the cheek boneB very prominent, the jaws 
projecting, and the lips thick ; and the hair short and crisp, or 
woolly. (See portraits, 5, 11, 12.) 

(4) The Australians show a general resemblance to the negro 
race, yet the form is still less symmetrical, often gaunt and 
meagre ; and the features more irregular. The color is a livid 
grayish black ; the hair thick and waving, or bushy ; the beard 
abundant, and the eyes very deep-set, black, and piercing. (See 
portrait 8.) 

(5) The Malayan race have, in general, the features of the 
Mongolic, with the lips somewhat thicker (portraits 7, 16), the 
eyes horizontal, and the hair less straight. The color is brown, 
varying in different tribes from nearly white to yellowish or 
blackish, according to their proximity to one or another of the 
neighboring races. 

(6) The American race, also, show a remarkable resemblance 
to the Mongolic, The head, however, is less round ; the fore- 
head is narrower, the face less flat, and the jaws broader (por- 
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by their tall stature, graceful proportions, and light, elastic 
step ; their oval head and face, high broad forehead, symmetri- 
cal features, and ruddy cheeks ; their abundant beard, and wav- 
ing or slightly curling hair. The color of the skin varies with 
the climate, from white in the European, to tawny or swarthy 
in the Hindoos, Arabs, Egyptians, and Berbers, who live on the 
borders of the tropical zone. 

This is frequently denominated the Caucasian race, the type 
being found in its greatest beauty in the Caucasus and the 
mountain lands of Iran, especially in Armenia and Persia. 
(Portrait 4.) 

(2) The Mongolic peoples are characterized by their short 
stature; their broad form and high shoulders; their round head, 
narrowing at the top, and wide, flat face ; their small chin, and 
prominent cheek bones, which give the face a triangular outline ; 
their small, deep-set, oblique eyes ; their coarse, straight hair, 
and scanty beard ; and the yellowish color of their skin. (See 
portraits 3, 19, 20, 21.) This type is found most clearly 
marked in the people of the great plateau of Mongolia. 

(3) In the African race, the stature is usually of average 
height, but the figure is often ungainly, the hands and feet 
large and flat, and the gait awkward. The head is narrow, and 
elongated backward ; the forehead is low and retreating ; the 



traits 6, 24) ; the eyes are horizontal, and the skin is reddish or 
copper-colored. 

4. Types Classified. The White, the Mongolic, and the 
Negro race, not only occupy the three connected continents 
which form the great mass of the Old World, but are much 
more clearly defined than the other types, the latter seeming to 
be scarcely more than modifications of the former. They may, 
therefore, properly be distinguished as the primary races. 

The American, the Malayan, and the Australian race, less 
strongly marked than the others, may be designated the second- 
ary races. Of these the first two resemble the Mongolic rather 
than either of the other primary races, and may be distinguished 
as the Mongoloid types. The Australian is Negroid, with scarce 
a feature similar to either the White or the Yellow race. 

III. The White Race the Normal, or Typical, Bace. 

1. The typical man — as exhibited in the unrivalled works 
of the ancient sculptors (see the Apollo Belvedere, 1, 2) — is dis- 
tinguished by perfect regularity of features, and harmony in all 
the proportions of the figure, securing agility and strength in 
the highest degree, with the utmost beauty and grace. 
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higher. The face U a symmetrical oral, and is divided into three equal parts by 
the line of the eyes and the base of the nose. The eyes are large, well formed, and 
separated by a space equal to the length of the eye. The mouth Is small and finely 
cut, the lips gracefully curving from the centre. The stature is tall, lithe, and 
graceful, the shoulders not disproportionately wide nor narrow; while the dis- 
tance measured by the extended arms is equal to the entire height of the body. 

These ideal harmonies of proportion are realized in many 
individuals among the nations inhabiting the mountain lands of 
Iran, in western Asia, — that region which Revelation, the tradi- 
tions of the nations, and the affinities of their languages, alike indi- 
cate as the cradle of the human race, whence the whole family 
of man dispersed by successive migrations, in prehistoric ages. 

The Europeans and their American descendants, who form part of 
the same great branch of the white race, have, in general, less regu- 
larity of features and harmony of proportions than the Persians 
and Armenians ; but the face has more animation, more life and ex- 
pression; the beauty is less physical, more moral and intellectual. 



lively intelligence. The same general characteristics are shared 
by the tribes of equatorial Africa and of Mozambique (12) ; but 
in the more southerly regions are the Hottentots and the Bush- 
men, who are among the most degraded types of humanity. 

Passing southeastward, beyond the tawny yet beautiful Hin- 
doos, we meet in the Dravidas of South Deccan (14), and the 
Siamese of Indo-China (15), slight modifications of the true 
White and Mongolic types, which form a gradual transition to 
the more distant Malayan (16). The pure Malay type belongs 
to the peninsula and the continental islands ; the oceanic Malays 
differ materially in the different parts of their wide domain. 

A number of intermediate types connect the true Malay with 
the Papoos, or bushy heads (17) — extending from New Guinea 
to the Feejee islands — who, though black, still possess some 
advantages of form. Farther south, through the true Austra- 
lian type (8), we come to the south Australians and Tasmaniaits 
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Deviations from these harmonies of proportion are therefore to be regarded 
as variations from the normal, or ideal man, and in so far as they show the pre- 
ponderance of the lower or physical elements of man over the higher, or intel- 
lectual and moral, they Indicate a degradation of the type. 

2. Gradual Modifications of Types. In proportion as we 
depart from Iran, the geographical centre of the races, the regu- 
larity of features diminishes, and the harmon}' of proportions dis- 
appears. This gradual transition of type is clearly shown in the 
successive peoples met with in all directions from this centre. 

Passing southward we first meet the Arab, belonging unques- 
tionably to the white race, but his head is less symmetrical, while 
his complexion varies with the climate to tawny and even to black. 

Next are the transition types of Abyssinia (portrait 9) and 
Nubia (10), with features still comparatively regular; but with 
a swarthy or black color, closely curling hair, and an increasing 
resemblance to the negro. The inhabitants of West Soudan 
(11), show the true negro type; yet, while the skin is black 
and the features coarse, the expression of the face still indicates a 



(18), among the ugliest of mankind, with gaunt body, meagre 
members, bending knees, hump back, and projecting jaws. 

Passing northeastward to the extremity of Asia we observe 
almost insensible transitions, through the Tartars (19) and other 
Turanian people "(see Map) — some of whom are hardly dis- 
tinguishable from the White race, — to the true Mongols of 
the plateau (20). 

Beyond, the Chinese (21) are still true Mongolians, but the Jap- 
anese are less strongly marked. The Kamchadale (22) is clearly 
a transition type through which we reach the Esquimaux (23), 
of the Aleutian Islands, and the Arctic lands of America. 

Passing southward through America, we meet, in the middle lati- 
tudes, the Indians of the Rocky Mountains (6, 24, 25), who are 
a comparatively noble type, often tall and symmetrical in form. 
In the tribes of South America (26, 27) we observe an increas- 
ing deformity and ugliness ; while the Pecherays of Tierra del 
Fuego (28) are the most misshapen, the farthest from any cul- 
ture, the most wretched of the mhabitants of the New World. 



QUESTIONS ON THE MAP OF THE RACES. 



Whatbranchesof the Mongol ic race people 
What branches people the Arctic plains ? 
the latter and the Esquimaux of America? 
Where are the true Mongols found ? What hrnnch of their race south of them ? 
What peoples are included in the Turanian family ? 
What Turanian peoples in Europe and Asia Minor ? 

Name the Asiatic branches of the [ndo-Europeao family; the European branches. 
What part of Europe doea each of theSK Great branches occupy ? 
Name the Semitic peoples of northern Africa. 
What are the three principal tiranchen of the Malay race ? 



What portions of the New World are occupied by In do- Europeans ? Of Africa ? 
Of Australia? 
What are the eastern branches of the American race in North America ? The 

What are the principal branches of this race in South America? 



What mixed races in 
What race intermediate he 
What races In North Africa 
What mixed races in eas 
Hottentots ? 



rica and the southern part of North America? 

en the Malays and the Australians ? 

ennediate between the whites and the true negro ? 

i Africa? What part of Africa Is peopled by 
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CONCLUSION — THE TERRESTRIAL CONTRASTS. 



,11.— UNITY AND CULTURE OF THE RACES. 

I. Unity of Mankind. 

1. Evidences of Unity. A comparison of the different 
tribes and races of men, reveals the fact of a gradual modifica- 
tion of types, on every side of the central or highest race, until, 
by insensible degrees, the lowest and most degraded forms of 
humanity are reached. 

Again : in the central race, — among the individuals of which 
there is greater diversity in form, features, temperament, and 
mental characteristics, than in any other, — there are persons 
of pure blood who show, in a less degree, almost every distin- 
guishing feature of each of the lower races. 

These facts establish a bond of union among all the varieties 
of mankind, however remote they may appear to be from the 
most noble type. They also seem to indicate that the White 
is the normal race, from which the others have gradually devi- 
ated. • 

2. The Law of Perfection of Type in man, therefore, 
forms an exception to that observed in the lower orders of crea- 
tion. (Page 106, Topic I.) The human family appears in its 
highest physical perfection, not within the Tropics, but in the 
Temperate Zone, in western Asia, the geographical centre of 
the Old World. 

The type degenerates gradually, with increasing distance, in 
all directions from this geographical centre; until, in the re- 
motest regions of the globe, are found the ugliest, and the most 
deformed specimens of the human family. 

The degree of perfection of the type is therefore proportioned, 
not to intensity of material agencies, but to distance from the 
central and highest race, irrespective of climatic conditions. 
The degree of culture of the races also varies in the same order. 
The central race is the race of culture and progress, both now 
and in all past ages. 

II. The White Race. 

1. Branches. This race is divided, on the basis of language and mental 
characteristics, into three great branches, designated the Hamitic, Semitic, and 
Japhetic, or Indo-European, families, each of which has had its especial func- 
tion in history. 

The Hamitic family were the ancient people of Palestine, the Nile basin, and 
the shores of the Arabian Sea and Persian Gulf. They have either passed away 
or have so blended with their Semitic and Japhetic conquerors as to be scarcely 
distinguishable. 

The Semitic family, who first appear on the upper Euphrates and in Syria, 
spread over the larger part of Arabia and, later, over northern Africa. 

The Indo-European family, whose original seats appear to have been on the 
northern borders of Iran, spread over this entire table-land, and westward, 
through Europe; while a small branch went eastward into India. 

2. Their Work. The Hamites and Semites were the earliest to gather 
into communities with organized governments, and to cutlivate the arts and 
learning. 

The Hamite*, a practical and inventive people, developed especially in the 
direction of material civilization; though they made comparatively high attain- 
ments in literature and in mathematical science. 

The Semites were the guardians of the ancient revelations. Though con- 
tributing less than the Hamites to the material progress of the race, they gave 
to the world in succession the simple religion of the patriarchs, the Mosaic 
ritual, and Christianity, the fundamental principle of modern civilization. 
Later, Mohammedanism had its origin among the same people. 

The Indo-European*, though later in entering upon their career, and deriving 
the germs of their civilization from the other two families, have shown them- 
selves to be emphatically the people of progress. 

The Greco-Latin branch, in southern Europe, carried the heathen civilization 
of antiquity to its highest perfection; and the Christian civilization of modern 
times finds its highest expression among the northern branches of the same 
family. They now possess the entire New World, the continent of Australia, 
and the great peninsula of India; and have established themselves in various 
parts of Africa and upon the islands of the sea. (See map.) 



III. Mongolic and Negro Races. 

1. The Mongolic Race is more numerous than any other, and, including 
the various Mongoloid types, more widely dispersed than all others together. 
This race very anciently attained a comparatively high degree of civilization, 
and founded a powerful monarchy in China. They have, however, contributed 
little to the progress of mankind in general, owing to their isolation, their 
jealousy of foreign nations, and the policy of non-intercourse so rigidly observed 
by them even to the present time. 

The Japanese, though less ancient as a nation than the Chinese, surpass 
them in culture; and are now entering upon a new era of progress in re-organiz- 
ing their social system on the basis of modern ideas. 

2. The Negro Race have, by themselves, made only the first steps in civili- 
zation, and the great mass are still in the savage state. Where they have been 
brought under the influence of cultured nations, however, they have shown 
themselves capable of a high degree of progress. 

A colony of American negroes have successfully organized the Republic of 
Liberia, on the west coast of Africa, which gives promise of doing an important 
part in the work of Christianizing and civilizing this great and rich continent. 

IT. Secondary Races. 

1. The Secondary Races have contributed nothing to the present condi- 
tion of mankind; and none of the existing branches have taken more tlian the 
first steps in civilization, except under the influence of the White or Mongolic 
races. 

2. Ancient American Civilization. The inhabitants of the table-lands 
of Mexico, and of the high plateaus of the Andes, had, at the discovery of 
America, populous and rich cities, organized governments and religious systems, 
and great skill in some of the arts, especially in the working of gold, silver, and 
bronze. * 

There are ruins of a still higher and more ancient civilization, both here and 
in the highlands of Central America; but of the origin of these cultured peoples 
nothing is known definitely. Certain peculiarities in their customs, and in the 
works of art found in their tombs and ruins, point to an Asiatic origin for the 
Peruvian, and a Semitic or Egyptian for the Mexican civilization. 



III. — CONCLUSION. 

I. — THE TERRESTRIAL CONTRASTS. 

I. Introduction. 

The three grand contrasts observed in the arrangement of 
the land masses upon the globe (page 21), re-appear in the 
climates, through which they exert a marked influence upon 
the character and distribution of every order of life. 

The continental and oceanic worlds present a contrast of 
geographical elements, — the land, and the water, the most 
general and fundamental of all. The contrast of the eastern 
and the western world is one of area and structure. The 
northern and the southern world show essentially a contrast of 
climate. 

II. Continental and Oceanic Worlds. 

• 

1. The Oceanic World, the world of uniformity, is also the 
world of inferiority. The life predominating by quantity is 
that of the sea, — vastly lower, both vegetable and animal, than 
that of the land. Australia and the oceanic islands, alike, lack 
all the higher types, whether of plants or of animals, and are 
peopled only by the lower races. 

2. The Continental World, characterized by diversity in 
all its conditions, is the world of superiorty both in the realm 
of nature and that of man. It is, however, not in the heart of 
the continents that the highest development is found ; but in 
the maritime zone, or zone of contact of the continental and 
oceanic worlds, along the coasts, and in the great continental 
islands. 

3. The Maritime Zone. Advantages. Here the vigor of 
the continents, their variety of reliefs, soil, and temperature, is 
blended with the moisture of the seas ; and the extremes of 
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the continental climate (page 73) are tempered, without being 
reduced to the sameness of the oceanic. 

Here, too, the great highway of the seas permits that constant 
interchange, both of commodities and of ideas, which seems essen- 
tial to the development of human society ; yet which, in the heart 
of the continents, is more difficult, sometimes almost impossible. 

Life. We have seen that the highest types of the animal 
world, and the most varied forms of the vegetable, with many 
of the most precious of vegetable productions, are found in the 
islands of the Indian archipelago, on the margin of the oceanic 
hemisphere. 

In the same zone of contact, we find the highest civilizations 
of eastern Asia, — in Japan, China, and India ; while the shores 
of the Mediterranean were the theatre of the most cultured 
nations of antiquity ; as those of the Atlantic are the scenes of 
the highest development and activity at the present day. 

III. Old and New Worlds. 

1. The New World, — narrow, elongated, isolated between 
two great oceans; with a preponderance in its structure of 
plains which are everywhere open to warm sea-winds, — is, in 
the main, characterized by medium temperatures, abundant moist- 
ure, and the greatest luxuriance and power of vegetable life. 

In its fauna th^ lower types predominate ; and the native 
people are essentially the men of the forest, a race of hunters, 
without domestic animals, and with only the rudiments of agri- 
culture here and there. 

2. The Old World, — vast, compact, composed of the largest 
two land masses (Asia-Europe and Africa), closely crowded 
together, from a large part of which the sea winds are almost 
excluded, — is characterized by the greatest extremes of tem- 
perature ; and by a lack of moisture and poverty of vegetation 
over immense areas of the interior. It is the domain of the 
higher orders" of animal life, especially of animals capable of 
domestication ; and of the civilized and progressive races. 

IT. Northern and Southern Worlds. 

1. The Southern Continents, — lying mainly in the tropi- 
cal zone, where all the conditions that stimulate physical life 
are most powerful, and where, with few exceptions, man has 
remained at the bottom of the social scale, — may be designated 
the continents of nature. Each has its own especial character, 
wherein the influence of every distinguishing feature of the 
continent is seen. 

In South America, — the tropical continent of the Western 
World, and especially the continent of plains, — all the charac- 
teristics of the New World are exhibited in an exaggerated 
degree. It is pre-eminently the realm of vegetable life, where 
we find the largest, the most dense, and the most varied forests, 
and the greatest development of foliage on the face of the earth. 

Africa, — the tropical continent of the Eastern World, and 
the continent of plateaus, — has, in an extreme degree, the dry 
continental climate of the Old World. It is, above all, the 
realm of the nobler animals, of the mammalia, — the highest 
division of the animal world, — which, by their number, their 
variety, their size and strength, give the African fauna its dis- 
tinctive character. 

Australia, the only sub-tropical continent, and the most iso- 
lated, the smallest, and the least varied of all, is the only one 
which preserves to a great extent the ancient forms of plants 
and animals, Its isolation, size, and structure, as well as its 



fauna and flora, find their parallel in the other continents in the 
middle geological ages. 

2. The Northern Continents, may properly be designated 
the continents of history. Less richly endowed with those ele- 
ments which foster the life of nature, they possess all the con- 
ditions most favorable for the development and progress of the 
races inhabiting them ; and each was apparently designed, from 
the beginning, for the performance of a peculiar part in the 
education of mankind. 

II. — THE CONTINENTS OF HISTORY. 
I. Asia. 

1. Characteristics. Asia is the largest of the continents, 
the most central, the only one with which all the others are 
closely connected ; and the one whose different physical regions 
show the strongest contrasts, and are separated by the greatest 
barriers. 

It has the loftiest mountains, the highest and most extended 
plateaus, the greatest plains, and the most numerous river sys- 
tems; with all climates, from the hottest to the coldest, from 
the dryest to the most moist. It has, also, a large number of 
useful plants, and of animals capable of domestication ; together 
with an abundance of both the useful and the precious metals. 

2. Its Function. This great and strongly marked conti- 
nent is the continent of origins. The human family, its races 
and civilizations, and the systems of religion which rule the 
most enlightened nations, all had their beginning here. 

By the great diversity of its physical features and climate, and 
the strong barriers isolating them one from another, Asia was 
admirably fitted to promote the formation of a diversity of 
races ; while its close connection with the other continents 
facilitated their dispersion throughout the earth. 

Its alluvial plains, with their well-defined boundaries of moun- 
tains or deserts, and their rich soil, — covered annually by 
overflowing rivers with a fruitful loam, and so easily tilled that 
a plough was scarcely needed, — seem to have been especially 
adapted to foster the progress of a race still in its infancy. 

The abundance of their resources, developed by agriculture, 
allowed the congregation of great numbers of men upon the 
same area, and thus favored the formation of organized govern- 
ments ; while the conflict with the overflowing rivers, the neces- 
sity of irrigation, and the alternation of the seasons, incited 
forethought, and gave birth to the useful arts and the sciences 
of observation. 

3. Centres of Culture. The four great alluvial plains of 
Asia, — those of China and of the Amoo Daria, in temperate 
regions ; of the Euphrates and Tigris in the warm-temperate ; 
and of the Indus and Ganges under the tropic, — with the Nile 
valley in Africa, were the theatres of the most ancient civiliza- 
tions known to history or tradition. 

In the remotest antiquity each of these regions became the 
seat of a distinct nation, with a material and intellectual devel- 
opment, a religion, and a social organization peculiar to itself; 
and together they formed the five great centres of the primitive 
culture of the race. 

China and India, isolated from each other, and from the West, 
by almost impassable mountains and desert plateaus, have left 
scarce a trace upon the subsequent progress of mankind ; but 
the others, in greater proximity to Europe, became the parents 
of the higher culture of ancient Greece and Rome, and, through 
them, of modern civilization. 
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II. Europe. 

1. Characteristics. — Europe shows a diversity of structure 
even greater than that of Asia ; but with smaller areas, more 
moderate forms of relief, less extreme contrasts of climate, a 
more generally fertile 
soil, and everywhere 
an abundance of the 
most useful miner- 
als; while the rela- 
tive extent of its 
coast line — its mari- 
time zone — is great- 
er than that of any 
other continent. 

This continent is 
especially fitted, by 
its diversity, to foster 
the formation of dis- 
t i n c t nationalities, 
each developing in 
an especial direction. 
Moreover, the prox- 
imity of these nations 
one to another, the 
greater facility of 
communication be- 
tween them, and, 
above all, the com- 
mon highway of the sea, nowhere very distant, facilitates mutual 
intercourse, the lack of which arrested the progress of the civili- 
zations of Asia. 

2. Centres of Progress. In Asia it is in the great inland 
plains, on the banks of 
the rivers, that civili- 
zation first shows it- 
self. In Europe it is 
in the peninsulas and 
islands on the mar- 
gins of the seas — the 
regions most accessi- 
ble to influences from 
without — that the 
most ancient states 
are founded ; for not 
only her inhabitants, 
but the germs of her 
culture, were derived 
from Asia. 

3. Functions. 
Though not the con- 
tinent of origins, 
Europe is emphati- 
cally the continent 
of development. The 
Indo - European race 
— the people of prog- 
ress — find their fullest expansion and activity, not in their 
original seat in Iran, but in Europe, whence they are spreading 
over all quarters of the globe. The arts and learning of an- 
tiquity attained their highest development, not in western 
Asia and Egypt, the places of their origin, but in Greece and 
Rome. 
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Christianity, also, only germinated in western Asia. Trans- 
planted to Europe, it gradually attained its full development, 
and became the foundation on which is reared the vast and 

noble edifice of modern civilization. 

III. America. 

1. Character- 
istics. America, dif- 
ferent in position, 
structure, and cli- 
matic conditions, 
from both the other 
northern continents, 
seems destined to 
play a part in the his- 
tory of mankind un- 
like that of Europe 
and Asia, though not 
less noble than either. 
The structure of 
this continent (page 
31) is characterized 
by a unity and sim- 
plicity as striking as 
is the diversity of 
Eifrope. 

Few and vast 
physical regions — 
the western high- 
lands and the eastern plains, the northern and the southern 
slope — with comparatively slight barriers between them, .pre- 
sent a marked contrast to the multiplicity of areas, with clearly 
defined natural boundaries, which characterize Asia-Europe. 

Again, great river 
systems, whose ba- 
sins, narrowed to a 
mere doorway near 
the sea (see Map of 
River Basins of U.S.), 
spread wide in the 
interior, establish an 
easy communication 
almost everywhere 
between the east and 
the west, the north 
and the south. 

In its climate, those 
contrasts in tempera- 
ture which are so vio- 
lent in Asia, and still 
prevail in Europe, 
are obliterated. The 
cold zone of the north 
passes by insensible 
degrees into the warm 
zone of the south ; 
while in the western 
half the bracing climate of the temperate regions is prolonged 
into the tropical, by the greater elevation of the highlands 
towards the south. 

The east and the west differ little in temperature, the elevation 
of the latter being counterbalanced by the exclusion of the polar 
winds, and the free sweep of the return trades over its surface. 
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Salt Lake City, for example, on the same parallel with New 
York, though more than 4,000 feet above it, has the same average 
annual temperature, which does not differ greatly from that of 
the corresponding latitude on the Pacific coast. 

The chief contrast of the continent is that of the coasts and 
the interior, the maritime and the continental climates; but 
even this is softened, the great Gulf of Mexico carrying the 
maritime zone almost into the heart of the continent; while 
the warm equatorial wind spreads its wealth of vapors over the 
interior plains at the north and east. The high plateaus of 
the west alone are arid. 

The differences in surface and climate, sufficient to create diver- 
sity in industries and in the products of the soil, are not, as in 
Asia, marked enough to give rise necessarily to entirely different 
modes of life among the inhabitants, and to create antagonistic 
interests. By fostering internal commerce, they unite rather 
than separate the people of the several regions. 

Finally, the oceanic position of America secures its commercial 
prosperity, and prepares, at the same time, the means of its 
influence on the world. 

2. The most Chabacteristic, as well as the most valuable, 
part of America, is the noble domain of the United States. 
Between the cold, semi-arctic northern slope, and the tropical 
climes of the south, it is situated wholly in temperate latitudes, 
with a climate the jpost favorable for the active life of civilized 
communities. 

In the eastern half are fertile plains and valleys, teeming 
with agricultural wealth, or covered with forests ; in the west, 
pasture-lands, or plateaus and mountains rich in silver and gold. 
On the north are corn-lands, water-power, and inexhaustible 
mines of coal, copper, and iron ; on the south, tobacco, cotton, 
rice, and cane. 

This diversity of resources creates the necessity for constant 
intercourse, which is facilitated to the utmost by the vast river 
systems, the great length of coast line, and the absence of bar- 
riers between the different regions. Thus the unity of the 
entire people is promoted, and the formation of local nationali- 
ties is checked. 

Again, the agricultural wealth of the eastern half, flowing 
naturally to the Atlantic ports, is essential to the overcrowded 
industrial natfons of western Europe ; and brings the youthful 
and vigorous American people into constant contact with Euro- 
pean culture, acquired through long ages of progress. 

The mineral treasures of the Pacific slope, attracting a large 
and energetic population to that less fertile side of the conti- 



nent, prepare the way for intercourse with the long dormant 
nations of eastern Asia ; while from the ports of both oceans 
there is a ready access to the lower races in the continents of 
the south. 

3. Functions. Nowhere do we find in America those local 
centres, each having a strongly marked individuality, which 
fostered the progress of the race in its infancy and its youth ; 
but everywhere provision is made for mutual intercourse, a 
common life, and the blending of the entire population into 
one. Evidently this continent was not designed to give birth 
and development to a new civilization ; but to receive one 
ready-made, and to furnish to the cultivated race of the Old 
World the scene most worthy of their activity. 

Its vast plains, overflowing with natural wealth, are turned 
towards Europe, and its largest rivers discharge into the Atlan- 
tic ; while its lofty mountains, and less fertile lands, are removed 
far towards its western shores. Thus it seems to invite the 
Indo-European race, the people of progress, to new fields of 
action ; to encourage their expansion throughout its entire ter- 
ritory, and their fusion into one nation ; while it opens for them 
a pathway to all the nations of the earth. 

America, therefore, with her cultured and progressive people, 
and her social organization, founded upon the principle of the 
equality and brotherhood of all mankind, seems destined to 
furnish the most complete expression of the Christian civiliza- 
tion : and to become the fountain of a new and higher life for 
all the races of men. 

IT. Conclusion. 

Each continent has, therefore, a well-defined individuality, 
which fits it for an especial function. The fullness of natures 
life is typified by Africa, with its superabundant wealth and 
power of animal life ; South America, with its exuberance of 
vegetation ; and Australia, with its antiquated forms of plants 
and animals. 

In the grand drama of maris life and development, A^ia, 
Europe, and America play distinct parts, for which each seems 
to have been admirably prepared. 

Truly no blind force gave our Earth the forms so well adapted 
to perform these functions. The conclusion is irresistible — 
that the entire globe is a grand organism, every feature of 
which is the outgrowth of a definite plan of the all-wise Crea- 
tor for the education of the human family, and the manifestation 
of his own glory. 



REVIEW OF PART V. 



life in Nature. 

I. (Page 97) How is the system of life in nature represented? What is the 
especial function of plants ? Prepare an analysis of Section I. 

II. What are the conditions of the development of vegetable life? Where is 
ve g etable life possible with an average temperature below the freezing point ? 
Why? (100) What is the mean temperature, and the characteristic vegetation, 
of the several zones ? What useful plants belong to each ? Prepare an analysis 
of 8ection II. 

III. (101) How do the three northern continents compare in the character of 
their flora? What especially distinguishes North America from the others? 
What cultivated plants are derived from western Asia ? Describe the flora of the 
Indian peninsulas and Archipelago. What is the characteristic vegetation of 
Arabia ? Prepare an analysis of Section III. 

IV. (102) What effect has increasing altitude upon vegetable life? Why? 
Describe the successive regions of plants upon the Himalaya Mountains. How 
does the flora near the snow-line on the Alps compare with that on the Andes? 
Why ? Prepare an analysis of Section IV. 

V. (104) Describe the flora of equatorial Africa; of northern Africa; of southern 
Africa. What are the characteristics of the South- American flora? To what are 
they due ? Describe the tropical forests. What useful plants are indigenous in 
tropical America? (105) Why has Chili so much richer vegetation than the 
western slope of Bolivia and Peru ? Prepare an analysis of Section V. 

VI. (106) Explain the diagram which illustrates the aspects of nature. What 
is the general law of the development of life in nature ? What are the character- 



istics of the tropical zone, in regard to both vegetable and animal life ? Of the 
warm zone ? Of the temperate zone ? Of the cold zones ? Prepare an analysis 
of Section VI. 

VII. (108) What is the extent of the resemblance in the fauna of the northern 
continents ? What animals are especially characteristic of North America ? Of 
Asia ? Prepare an analysis of Section VII. 

VIII. (109) What is the general character of the African fauna? What ani- 
mals are especially characteristic of the arid regions? Describe the fauna of 
equatorial Africa. What classes of animals are especially characteristic of South 
America? (110) What is the general character of the Australian fauna ? What 
are the most characteristic animals ? Prepare an analysis of Section VIII. 

Provision for Human Life. 

I. (Ill) How do the materials employed as food vary in the different zones, 
and whence are they derived? To what extent are materials for raiment pro- 
vided in nature ? (112) What materials are provided for shelter, and the imple- 
ments of life ? Prepare an analysis of Section I. 

II. AVli at minerals characterize the different regions of North America? 
What is the nature and extent of the mineral wealth of Europe? Of Asia? Of 
South America ? Of Africa ? Of Australia ? In what condition do the several 
important metals occur in nature ? (114) Which metals were earliest brought 
into use ? What reason can you suggest for the use of copper earlier than iron ? 
What especial importance was attached to the distribution of the metals, and of 
some other articles, iu remote antiquity ? Prepare an analysis of Section IL 
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The Human Family. 

I. To what extent is the human family dispersed over the globe ? In what 
zone are the larger proportion of mankind ? On what basis is mankind divided 
into races ? How many are the geographical races, and where are they located ? 
(115) What are the characteristics of each of thejprimary races? What are the 
relations of the secondary races to the primary ? What are the characteristics of 
the typical, or ideal, man? Where are these ideal proportions realized? (116) 
How are deviations from these proportions to be regarded ? How does the 
type vary in departing from the geographical centre of the races? Describe 
the successive modifications towards the southwest; towards the southeast; 
towards the northeast; southward through America. Prepare an analysis of 
Section I. 

II. (118) What are the evidences of unity in the human family ? What is the 
law of the perfection of type in man ? What and where are the three great 
branches of the White race ? What has been the function of each in the gradual 
development of civilization ? What is the condition of the Yellow race in regard 
to culture ? Of the Negro ? Of the secondary races ? What remains of ancient 
civilization has America ? Prepare an analysis of Section II. 



Conclusion. 

I. What is the importance, and what the character of the three great terrestrial 
contrasts ? What are the characteristics of the oceanic world ? Of the conti- 
nental? (119) What region of the continents appears most favorable to develop- 
ment ? What are its advantages ? Give examples of its superiority. What are 
the contrasting characteristics of the New World and the Old ? Of the northern 
and the southern continents? What especial character has each of the conti- 
nents of nature ? Prepare an analysis of Section I. 

II. What are the especial characteristics of Asia ? What has been its function 
in the development of mankind ? How is Asia adapted for that particular phase 
of human progress ? What and where were the great centres of primitive civili- 
zation? (120) What are the especial characteristics of Europe? Where were 
the earliest seats of European civilization ? Why in those regions ? What is the 
historical function of Europe? Examples. (121) How is America characterized 
in structure? In climate? What is the nature and extent of these diversities? 
Describe the most characteristic portions of this continent. What appears to be 
the providential plan for America ? What evident fitness does she show for this 
work? What conclusion is enforced by this study of the continents of history? 
Prepare an analysis of Section II. 



Note. — In Part V. the analyses have been omitted in order to give the pupil an opportunity to analyze the several sections— an exercise for which he should now be fully prepared, and which 
will be of advantage to him. It would be well to require him to make a tabular analysis of each section as he proceeds with the study. 



GENERAL REVIEW. 



Part I. 

{Page 1) What are the geographical elements of the globe ? (5) What advan- 
tages has the Earth over the other planets in its astronomical conditions? (6) 
What is the specific gravity of the globe ? (7) What is the relation of longitude 
to time ? 

(8) What is magnetic declination, and how is it caused? (9) What is magnetic 
inclination? (10) Explain the formation of the geysers. (11) Explain the 
formation of artesian wells. (12) What is the average rate of increase of heat 
towards the interior of the Earth ? Explain the formation of volcanic cones. 

(15) What is the general distribution of volcanoes upon the globe ? (16) What 
is the primary source of volcanic activity ? Describe the different kinds of earth- 
quake motion. (17) What is the condition of scientific knowledge in regard to 
the cause of earthquakes ? • 

Part II. 

(21) What grand contrasts are observed in the position and grouping of the 
land masses ? 

(23) How do the several continents compare in the amount of articulation of 
their coasts ? What (page 22) is the importance of these irregularities of outline ? 
(24) Define the different classes of relief forms. (25) How do the different classes 
of plains vary iu productiveness? (2(5) What is the importance of plateaus in 
the continental structures ? What is the nature of the soil in most great pla- 
teaus ? Examples. How are mountain chains formed ? (27) What is the origin 
and classification of valleys among mountains ? Describe the formation of val- 
leys in plains and plateaus. Examples. 

(30) What common features are apparent in all the continental structures? 
How are the general figure, and the individual contours of a continent deter- 
mined ? (31) How do the two continents of the New World compare in struc- 
ture ? What differences between the two highlands of South America and those 
of North America? What differences in the central regions of the two conti- 
nents? 

(33) What are the common features of structure in Asia and Europe ? What 
are the especial characteristics of Asia ? (35) What are the characteristics of the 
structure of Europe ? (36) What peculiarity of structure in its central region ? 
Describe the structure and surroundings of low Europe? (38) How does the 
structure of Europe differ from that. of Asia? Describe the structure of Africa 
as a whole. (39) How does Australia resemble, and how differ from, Africa in 
structure ? 

(40) Repeat the first four general laws of relief. How is the fourth expressed 
in the structure of the several continents ? (42) Repeat the remaining four laws. 
What is the dominant form of relief of the several continents ? Explain the 
formation of the continental reliefs. (43) What is the distinctive character of 
the continental islands? Of the oceanic islands? Describe the formation of the 
coral reefs and islands. (45) What is the comparative value of the coral islands ? 

Part III. 

(48) Explain the formation of intermittent springs. . Describe the erosive action 
of rivers in different parts of their course. (50) Explain the formation of deltas. 
(51) Explain the existence of salt lakes. Examples. 

(52) Describe the geographical distribution of lakes. Describe and explain the 
general plan of drainage of North America. (54) Trace and explain tne corre- 
spondence between the river systems of South America and those of North 
America. (55) Describe the general plan of drainage of Eastern Asia. What 
are the main hydrographical centres of Europe ? 

(57) Describe the general plan of drainage in Africa. Describe the Nile sys- 
tem, and explain its inundations. What are the peculiarities of the drainage of 
Australia ? What general fact is brought to light by a study of the distribution 
of river systems ? 

(58) How does the surface temperature of the sea vary? (<50) What are the 
greatest depths of the ocean ? What are the comparative depths of the inland 
and border seas ? (61) Describe the production of the tidal waves. (62) Explain 
the spring tides and neap tides. (64) What is the average height of the tide on 
the eastern coast of North America ? (65) Describe the general circulation of the 
sea, with the cause. What are the directions of the polar and return currents ? 
How is this direction explained ? (67) Describe the climatic effects of the marine 
currents. N 

Part IV. 

(69) How is the pressure of the atmosphere measured? What is the effect of 
elevation on the density of the air? At what elevation is the pressure reduced 
one-half? (70) On what do the fundamental laws of climate depend? State 
and explain the general law of the distribution of temperature upon the globe. 
Explain the varying length of day and night, and the change of temperature in 
different seasons. 

(72) In what do the general deviations from astronomical climates consist, and 
how are they caused ? To what are local deviations due, and in what do they 
consist? (73) Explain the extreme contrasts in temperature, on the opposite 
coasts of the North Atlantic. How does the greater or less area of a land mass 



affect its temperature in the different zones ? What are the characteristics of the 
continental climates ? Of the oceanic ? Explain the cause of this difference. 

(76) Describe and explain the general circulation of the atmosphere. (77) 
Name the several wind zones, and give their positions. What is the cause (page 
76) of the trade-winds, and to what is their direction due ? What is the position 
and cause of the equatorial calms? (78) Explain the monsoons of the Indian 
Ocean. Explain the diurnal land and sea breezes. (79) What are the prevailing 
winds of the temperate zones ? What is the direction of the return-trades, and 
what gives them (page 76) this direction? Whence do the polar winds start? 
What is their direction in Eastern Asia aud North America ? Why ? Why are 
the polar winds less powerful in summer than in winter ? What causes the fre- 
quent storms of spring and autumn ? What causes a late spring or autumn ? An 
early spring or autumn ? 

(82) What is the character of the storms known as hurricanes ? (83) What are 
waterspouts? (84) On what does the capacity of the air for the absorption of 
vapor depend ? (85) How do mountains affect the condensation of vapors ? Ex- 
amples. How do the nature and covering of the soil affect the condensation of 
vapor? (88) State the general law of the distribution of rain on the globe. The 
law of distribution of cloudiness and vapor. 

(89) State the general cause, and the time, of rain in the different zones. De- 
scribe and explain the rainfall in the belt of calms; in the belt of trades. (90) 
What is the comparative amount of rain in the sub-tropical zones ? Why is this ? 
What is the cause of the winter rains, and where do they occur? What is the 
comparative amount of moisture in South America? Why is this? What is 
the especial character of Africa in regard to rain ? Why is Northern Africa so 
dry ? What is the comparative amount of rain in Australia as a whole ? How 
do you explain the abundant rainfall in the eastern half of North America? 
Why are the high western plains and plateaus so dry ? What is the comparative 
amount of rain in Europe ? 

(92) How does Asia compare with the other continents in the amount of rain 
it receives ? Why is this ? In what latitudes does snow fall at the level of the 
sea? (93) On what does the height of the snow line de pe nd ? Where is it 
greatest? (94) Describe the formation of a glacier. (95) What are icebergs? 
What is the supposed cause of the auroras ? 

Part V. 

(97) How is the system of life in nature represented ? What is the* function of 
the plant in the economy of nature? What are the climatic conditions of the 
development of vegetable life ? What is the characteristic vegetation of each of 
the several zones ? (102) How does vegetation vary at different altitudes ? Why 
is this? Describe the vegetation of the Andes in the several vertical zones. 
What is the general character of the vegetable world in AfriSa ? Why ? (104) 
What are the especial characteristics of the vegetable world in South America ? 
Why is this? What useful plants are indigenous in tropical America? (105) 
What is the general character of the Australian flora? 

(106) What is the general law of the development of life in nature? Name the 
characteristic species of animals of tropical regions ? (107) What are the charac- 
teristic animals of the temperate zone ? What are the characteristic animals of 
the cold zones ? (108) What are the especial characteristics of the animal world 
in North America? What orders of animals characterize Asia? (109) What is 
the general character of the animal world in Africa ? What are the characteris- 
tics of the South American fauna? What divisions of the animal kingdom espe- 
cially distinguish this continent ? Describe the fauna of Australia. 

(Ill) How does the sustenance of man vary in the different zones ? In what 
zone are most of the food plants of civilized nations indigenous ? From what 
zone are most of the luxuries derived? (112) What continents are especially 
characterized by the abundance of the precious metals ? Which are distinguished 
by the abundance and variety of the useful metals ? Which has the most exten- 
sive coal-fields ? What metals were most anciently in use ? What was the com- 
mercial importance of the metals in antiquity ? 

(114) What is the location and number of the geographical races? State the 
especial characteristics of each race. (115) Which approaches most nearly to the 
typical man ? Where is this normal race found in its highest physical perfection ? 
(116) What is the general law of the variation of types in man? Which race 
occupies the highest grade in intellectual culture ana social condition? What 
are tne three great families of the white race ? What has been the especial work 
of each in the progress of civilization ? What is the condition of the yellow race, 
and their relation to the general progress of mankind ? 

(118) What are the three great terrestrial contrasts? What contrasting char- 
acters are displayed by the life in the continental and the oceanic world ? What 
is the region apparently most favorable to all development? What are its espe- 
cial advantages for the development of life in nature? For human progress? 
What are the contrasting characteristics of the eastern and western worlds? 
Of the northern and southern worlds ? What are the especial functions of the 
several southern continents ? (119) What has been the historic function of Asia, 
and how was it adapted for this work ? What has been the function of Europe, 
and how was it fitted for its work ? What appears to be the providential design 
in regard to America? What characteristics indicate such a work for our con- 
tinent? 



PRONUNCIATION OF NAMES EMPLOYED IN THE TEXT. 



Explanation, a, 8, i, 5, fi, as in mate, mete, mite, mdte, mute ; a, e, j , 6, u, a trifle shorter than a, etc. ; a, e, T, 6, ft, aa In mat, met, It, ntit, tip ; a, ft, i, 6, A, as In care, there, firm, fdr, furl ; 
£, as in far ; a, as in fall ; a, as in last ; o, as In do ; o, as in d6ne ; D, as in rgde ; u, aa in pysh ; C, as in te"rm ; a, $ , 9, as in fragrance, Salem, Hudson. 

5, as in go; 5, as in canon (can'yon) ; n, silent, indicating that the preceding vowel has a nasal utterance, as though pronounced with the nostrils closed (as in Toulon, tu-ldN, where the 6 is 
at sound heard in the word) ; g, as in nig ; eh, as in chair. All consonants not marked have the same sound as in corresponding positions in ordinary English words. 



Abyssinia, ab-Is-Inla 
Aconcagua, H-kdn-kJL'gwa 
Adriatic, ad-ri-atlk 
Afghanistan, 4f-gan v Is-tan' 
Ainoa, Ml-noe 
Aleutian, a-ln'ahian 
Aleuts, a-luts' 
Algonquin, U-goVkwln 
A1U1, 81-ti' 
Aluta, ain't! 
Amargoza, am-ar-g^za 
Amargura, am-ar-gij'rl 
Amazon, am'a-zon 
Amoo, &'mo5 
Amoor, a-mCor' 
Andaman, itn N da-man / 
Antilles, an-tel or an-HTHa 
Apache, a-pa'ehe 
Apennines, ip x en-nina / 
Appalachian, ap^pa-la'ehi-an 

Apurimac, a-po^rc-miik' 
Arab, ar'ab 
Arafura, H-rfrfp/rii 
Aral, ar^l 
Ararat, ar'a-rat 
Araucanians, i-ro-ka'ne-aoa 
Araucaria, a-r6-ka're-9 
Ardennes, ar-den' 
Arequipa, iPra-ke'pX 
Arnhem, arn'hem 
Artois, ttr-tois' or Kr-twi' 
Ashantee, a-shan'te 
Atbara, at-bii'rit 
Athabasca, ath-*-baVk» 
Athabascans, ath-a^baa'kans 
Aujlla, dd-je'la 
Azores, *• acres' 

Baer, ba'fir 
Bahama, ba-ha'ma. 
Baikal, bfkXl 
Balaton, bi'la-ton 
Balkan, bal-kan' 
Balkhash, bSlkHab' 
Bangweolo, bang*wa-d15 
Barnaul, barn-owK 
Bayonne, bE-yon* 
Bayou, bi'yoli 
Behring, bertng 
Bengal, ben-gaK 
Benue, ben'n-a N s 

Bergen, beVgen 
Bermudas, bSr-mu-das 
Bhootan or Bhotan, bTO-tan' 
Bogota, bd x go-tit' 
Bolabola, boMa-bd'la 
Bonin, bo-nen' 
Boorlos, boor'Ids 
Boothia, Hfe'theX 
Borneo, b6Vne-6 
Botocudos, bdHd-cn'ddf 
Bourbon, boor'bpn 
Brahmapootra, bra >v ma'-p5o v tra > 
Brazos, br&'zos 
Bretagne, brg-tin' 
Bug, W55g 

Cabool, kS-W©T 
Candahar, kan-d^-haV 
Canon, kan'ypn 
Cashmere, kash-mer 7 
Caslquiare, ka^se-ke-a'ra 
Catamarca, ka-ta-maVka 
Caucasians, kft-kasl-ans 
Caucasus, ka/kft-aus 
Cavery, ka-va'rl 
Cayambe, ki-am'ba 
Celebes, sei'e-bes 
Celtic, seitlk 
Cerennes, sa-vfin' 
Ceylon, seton 
Cbagos, eh&'gos 
Chamalare, ehftra-a-ia're 
Charollais, shrroTla' 
Charybdis, k&r-Ib'dls 
Cherbourg, sher-bffdrg' 
Cherraponjee, ek£r v r§ -pon'je 



Chili, ehll'e 
Chilian, calll-an 
Chimborazo, chlm-bd-riTzS 
Chlppeways, chlp x pe-was' 
Coimbra, k6-em / bril 
Colorado, k6r6rii'd6 
Cossyah, kos'ee-ft 
Costa Rica, kos't* re's* 
Cote d'Or, kdt'dor' 
Cotopazl, k6 v t6-p&x / e 
Crimea, krlm-e'a, 
Cuzco, kus'kd 

Dakota, da-kfl'ta 
Dapsang, dftp-elng' 
Deccan, dek'an 
Dhawalagtri, da-wdl^a-gertt 
Diamantlna, de-a-man-te'na 
Dnieper, ne'per 
Dravida, dra-ve'da 
Dyak, di'ak 

Ecuador, ek-wE-ddr* 

Eifel, i'f*l 

Elburz or Elbourz, el-bars' 

El Gran Chaco, el gran efejt'kd 

ElUce, ens 

Erebus, erf-boa 

Erz, erU 

Esquimaux, ea'ke-mdg 

Euphrates, u-fra'tes 

Eyre, ar 

Ferdinandia, ferMe-nan'dl-a 
Fichtel, fleh'tel 
Forez, fd-ra' 
Formosa, f Ar-md'sa 
Fueglans, f u-e'Je-ans 
Fuego, fu^'go' m 

Gairdner, gard'ner 
Galapagos, gtt-la-pii'gds 
Gallas, gaTas 
Garonne, git-rdn' 
Gavarnie, gH-vaVne 
Geyser, gi'ser 
Ghauts, gftts 
Gobi, go'be 
Guaranis, gwM-ril'neft 
Guiana, ge-fl'nft 

Hamoon, hl-mSon' 
Hardt, hart 

Harmattan, har-maVtan 
Harz, harts 
Hawaian, hi-wi'an 
Hawaii or Hawal, hlt-wi'e 
li awash, ha' wash 
Hayti, ha't* 
Haytian, ha'te-an 
Heath, heth 
Hellenic, hei-enlk 
Helraund, heTmund 
Henuake, hCn^rkft 
Hercynian, ber-sln'e-an 
Hlelmar, by-el'raar 
Himalaya, hlm-a-la'ya 
Hindoo Koosh, hTn'do^ kooeh' 
Hoangho, ho-angQid^ 
Hogoleu, hd'go-lu 

Idaho, I'da-hd 
Iljamin, Yl-y&'mln » 
Illimani, el-ye-ma'ne 
Irasu, e-rft'su 
Irrawaddy, Ir-ii-wdd'e 
Ismailla, Is-ma'el-yM 

Jan May en, yin mi'en 
Jebel-Kibrit, jeb-ei-klb'rft 
Jolof , Jdl'pf 
Jorulio, ho-rCol'yS 

Kaffa, kaf'f a 
Kaffre, kftf-fer 
Kalmuks, karmQks 
Kamchadale, kam'ebX-dar 



Kamchatka, kam-ehat'ka 
Kamsin, kAm'sIn 
Karakorum, kM v riUkd / rnm 
Keelf oas, kei y fds 
Kenai, ke-na'S 
Kenia, kC'ne-a 
Kermadec, kSrhna-dek' 
Khassia, kaa'se-ii 
Khingan, kln-gan' 
Kllauea, keMo'i-a 
Kilima Njaro, kire-mXn"jil-ro v 
Kirghiz, kernes 
Kolushians, ko-lo'she-ans 
Koriaks, kd're-Aks 
Kossogol, kds-o-goT 
Kuenlun, kwSn-lSBn 7 
Kurdistan, kQdrd-Is-tan 7 
Kurile, kS^rel 
Kuro Sivo, ku'ro sg'vo 

Laccadive, lak-a-div' 
Lachlan, lftk'lan 
Ladoga, lad'd-gK or la-d^ga 
Landea, Utadz 
Langres, lKNg'r 
La Paz, IS paz 
Lapponic, lap"po-nIk 
Lcmau, la^maN 7 
Lena, la-nii' or le'nf 
Levees, lev-eg 7 
Limpopo, nm-p^po 
Llano, i'ya'no 
Lofoden, Ig-fdMen 
Loire, IVXr 7 
Lucerne, 155-eSrn' 
Lugano, ln-ga'nft 

Macon, ma^adN' 

Madeira, ma-d^'ra 

Maelar, ma'lar 

Maelstrom, mar'stram 

Magdalena, mag-da-le^nf 

Mageroe, m&'ge-ro 

Maggiore, mad-jd'ra 

Mahabuleshwur, mi v blblesh-wnr / 

Maldive, mal-div / 

Malgache, maPgash 7 

Malpays, m&l-pa'e 

Manchoo, man'eh99 

Manchuria, man-ehSS'rS^i 

Mandingo, mftn-dlng'go 

Mantiquelra, man^-ka'ril 

Maori, raa'6-re 

Maracaybo, or Maracaibo, mtt N rft.kl / D6 

Maranon, mft-rHn-yon' 

Maravaca, m& N rli-vli / kM 

Mareotis, mii-ra-d'tes 

Margeride, raar-rhe-rtd' 

Marianne, ma x re-ftn / 

Maros, mttr-osh' 

Marquesas, m&r-ka'afts 

Mauna Kea, im>-na ke^a 

Mauna Loa, ma-na lo^f 

Maures, mdr 

Mauritius, ma r rlsh / e-tts 

Mekong, ma-kdng 7 

Melanesia, mei^a-ne'ahl-f 

Melrir, mCKrer 

Menzaleh, mSn-zS'lfi 

Merapi, ma-ra'pe 

Meuse, muz 

Micronesia, mTc v ro-ne'shI-a 

Moero, md-a'rd 

Molucca, mo-luk'a 

Monte Sorama, mdn-tS aoEs/mi 

Mulsca, mu-ls'ka 

Mur, mur 

Muzinga, mfix-lng'ga 

Narcondam, nar-edn'dam 
Natron, na'trpn 
Natupe, na-to'pa 
Nevada, na-vlfth} 
Nevado, na-vtt'dd 
Newfoundland, nu'fund-land v 
Ngal, n'gM'S 
Ngami, n'ga'me 



Nicaragua, nlc-a-ra , gwa 

Nicobar, nlc'o-bl&r^ 

Nieuweveld, nyuw'veit 

Niger, ni^r 

NovaU Zemlia, no-vi'K z&n'le-K 

Nyanza, ni-Sn'za 

Nyassa, ni-aVsll 

Obi, dT» 
Ofen, o'fen 
Ohiwao, d-he-wS^ft 
OkhoUk, S-kdUk' 
Onega, o-ne'ga 
Orizaba, 6-re-zft / bi 

Pamir, pi-m^r 7 
Pampa, pam y pft 
Panama, pan^-mK' 
Papuan, p&pTO-an 
Paraguay, p^ril-gwa' 
Parana, prra-na' 
Paumotu, pow x m6'tu 
Penaa, pan'yas 
Persian, p6r y she-an 
Peschawer, peah-ow^r 
Petchora, peeh'6-rli 
Philippine, flllp-In 
Pic Anethoo, pek^-na'tCS 
Pico de Teyde, pfko de ti'dg 
Pilcomayo, pirkft-ml^ 
Pltcairn, plt-kara' 
Polynesian, pdTI-ne'ahl-an 
Popocatepetl, p6-p6kat>petl / 
Porto Rico, pdr'to re'oft 
Pruth, prS5th 

Punta Parina, poon'ta piUre'na 
Purus, pftTrolto 
Pyrenees, plr'j-nes 

Quatblamba, kwat-lam'bK 
Quechua, kwa-ehnl 
Quito, ke't6 

Radack, ri'dak 
Rainier, ra'ner 
Rallck, ra'Hk 
Rauh, r&a 
Reisen, rt-sen 
Reykjavik, ri-kl-a-vlk v 
Rhenish, ranlsh 
Rio Grande, ri'6 grand 
Rio Janeiro, ri'6 jan-3'rd 
Rilo Dagh, re'lo dab' 
Roumania, rCS-ma'ne-a 



Samarang, sam^rang/ 

Samlel, aarml-ei 

Samoa, stt-mo'M 

Samoledes, sa-moi'eaa 

Sampu, sam'pSB 

Santorinl, aan-to-re'ne 

Sadne, son 

Barmlento, sar-mg-fin'ti 

Saskatchewan, sas-kaeh^-wan N 

Scandinavia, Bkan v dl-na'vl-a 

Seathwaite, seth'wat 

Seine, san ' 

Sereth, sgr-ft' 

Seychelles, sa-shSK 

Shamo, sha'mft 

Shasta, shas / ta 

Sboshonee, sh&-shd / ne 

Sldra, sld'rit 

Sierra, se-fir'ra" 

Slestan, ses't&n 

Sikhou Alin, se-kd'ttt a'len 

Simoon, se-moSn" 

^lioux, sooe 

Sir Daria, ser dii're-it 

Slr-i-kul", ser'e-kur 

Slwa or Siwah, se'vit 

Sneeuw, sn^-SSv' 

Socotora, s6 ko'tra 

Somali, s&-ma/le 

Sorata, so-ra'tH 

SUubbach, staub / b&k 



Soudan, sbTkdUn 7 

Steppes, steps 

Stromboll, strdm-bd'U 

Suabo-Franconlan, swa / b6-frin x k6 / iil^an 

Suahell, su^a-bi'le 

Sudetic, su-det^k 

Sulltelma, w-titeVmA 

Sullman, su-le-man' 

Sunda, sun'df 



Tahiti, tii-he'te 

Taiara, U-ft'rft 

Tanganyika, tttn s gftn-ye / kli 

Tanta, ULn'tii 

Tapajos, t&pa'zhds 

Tarawan, UTrtl-wan' 

Tarlm, tfi'rem 

Ta Slue Shan, ta* se v wa'aMn 

Tchad, ehad 

Tchukchees, ehoT^k'ehes 

Tebu, ta'bn 

Teugri Nor, ten'gre ndr 

Tenuyan, ten-weHn 

Teral, ta-rti^ 

Tequendama, ta v kwCn-dft"m 

Teutoburg, toi't6*b5org 

Theias, Us 

Thian Shan, te^iin 7 shiLn 

Thibet, tlb-ft or tt-beV 

ThlbeUn, tlb-^t'an 

Thuringian, tho-rXn'je-an 

Titicaca, te-tS-ka'ktt 

Tocantins, t6 N kan-t^nz' 

Tolima, to-le / mfi 

Tolmezzo, Idl-raffzo 

Transylvania, tran v sll-va / nl<a 

Tristan da Cufiha, trls / tin-di-kun / yli 

Tslen-tang, US-SnOang 

Tuareg, tSo-ft-r^ 

Tubuai, tu-buf 

Tufoa, to-fo'a' 

Tundra, toon'dra 

Tungusian, tSon-gn/zhl-an 

Tupls, t95-pes' 

Tupungato, ta-pong-gtt'to 

Turcoman, t55r v k6-man / 

Turkestan, to^r^kes-tftn 7 

Tzana, tzft'nJi 



Ucayali, 35 v ki-ttne 
Ugrian, o^'gre-an 
Unalaahka, 5o % na%laah / ktt 
Ural, yu'ral 
Uruguay, yGS'rift-gwa 
Urumla, 55 x r5o-me v li 
Utah, yo^ta 

Valdai, vttl'di 
Valdivla, vttrde've^tt 
Vermejo, v£r-ma'h6 
Vesuvius, ve-sbo've-ua 
Vlndhya, vlnd'yit 
Vistula, vls't55-Ul 
Volga, vdl'ga 
Vosgee, vozh 

Wahsatch, wft-saeh' 
Walachia, wa-la'ke-ll 
Warasdin, wa^raa-den' 
Wener, wa'ner 
Weser, we-zer 
Wetteo, wgt'er 

Xingu, shen-goV 

Yablonoi, yliblo-noi' 
Yakutsk, ya-k55ta / k 
Yangtae Klang, yangHae ki-ang / 
Yanteles, ySn-ta'l^s 
Yapura, ya-pu'ril 
Yenisei, yen-^-ua'e 
Yosemite, y6-s£mT-t3 

Zambesi, zam-ba'ze 
Zermatt, zOr-mfit' 
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TABLES OF TEMPERATURE AND RAINFALL. 



TABLE OF MEAN TEMPERATURE AND RAINFALL IN THE UNITED STATES. 



Names or Places. 



EAST or MISSISSIPPI RIVER. 



Michlpicoten, Lake Superior . . 

Fort Kent, Me 

Mackinac, Mich 

Eastport, Me 

Fort Sneiling, near St. Paul, Minn. 
Potsdam, St. Lawrence Co., N.Y. . 

Fort Howard, Wis 

Burlington, Vt 

Sackett's Harbor, N.Y 

Hanover, Dartmouth College, N.H. 

Portland, Me 

Concord, N.H 

Rochester, N.Y 

Prairie du Chien, Wis 

Portsmouth, N.H 

Milwaukee, WU 

Buffalo, N.Y 

Albany, N.Y 

Amherst College, Mass 

Boston, Mass 

Detroit, Mich ' . . 

Chicago, 111 

Providence, R.I 

Cleveland, O 

Fort Armstrong, Rock Island, III. . 

West Point, N.Y 

New Haven, Conn 

Nantucket, Mass 

Logansport, Ind 

New York, N.Y 

Pittsburg, Penn 

Philadelphia, Oirard College, Penn. 

Marietta, O 

Baltimore, Md 

Cincinnati, O 

Washington, D.C 

Fort Washington, Md 

Louisville, Ky 

Richmond, Va 

Fortress Monroe, Va 

Nashville, Tenn 

Knoxville, Tenn 

Chapel Hill, N.C 

Memphis, Tenn 

Huntsville, Ala 

Columbia, S.C 

Smithvllle, Fort Johnston, N.C. . 

Augusta, Ga. 

Charleston, S.C 

Savannah, Ga 

Natchez, Miss 

Mobile, Ala 

Baton Rouge, La 

Pensacola, Fla 

New Orleans, La. ....... 

St. Augustine, Fla 

Cedar Keys, Fla 

Tampa Bay, Fla 

Fort Dallas, Fla 

Key West, Fla 



WEST OP MISSISSIPPI RIVER. 



Point Barrow, Alaska .... 
Fort Yukon, Alaska .... 

Sitka, Alaska 

Pembina, Dak 

Fort Union, Dak 

Fort Benton, Mont 

Steilacoom, W.T * 

Astoria, Or 

Fort Pierre, Dak 

Fort Orford, Or 

Dubuque, Iowa 

Fort Dodge (Clarke), Iowa . . 

Fort Laramie, Wyo 

Des Moines, Iowa 

Council Bluffs, Iowa .... 
Salt Lake City, Utah . . . . 

Fort Kearney, Neb 

Fort Reading, Cal 

Denver, Col 

Fort Leavenworth, Kan. . . . 

Fort Riley, Kan 

St. Louis, Mo 

Sacramento, Cal 

San Francisco, Cal 

Fort Atkiuson, Kan 

Fort Scott, Kan 

Fort Massachusetts, Col. . . . 

Fort Miller, Cal 

Monterey, Cal 

Santa Fe, N.M 

Little Rock, Ark 

Fort Washita, Ind. T 

Los Angeles, Cal 

Fort Belknap, Tex 

Fort Webster, N.M 

Fort Yuma, Cal 

San Diego, Cal 

Fort Fillmore, N.M 

Fort Graham, Tex 

Natchitoches, La 

Austin, Tex 

Galveston, Tex 

Fort Clark, Tex 

Brownsville, Tex. . . . . . 



Position or Stations. 



-a© 

£ 2 



47° W 

47 15 

45 51 

44 54 

44 53 

44 40 

44 30 

44 28 

43 55 

43 42 

43 38 

43 12 

43 8 

43 5 

43 5 

43 3 

42 53 

42 30 

42 22 

42 22 

42 20 

41 54 

41 50 

41 42 

41 30 

41 24 

41 18 

41 17 

40 4 

40 42 

40 27 

39 58 

39 25 

39 18 

39 

38 53 

38 43 

38 10 

37 32 
37 

36 10 

35 59 

35 54 

35 8 

34 43 

33 55 

33 55 

33 28 

32 47 

32 5 

31 34 

30 41 

30 26 

30 24 

29 57 

29 54 

29 7 
28 

25 55 

24 34 



71 21 
66 

57 3 
49 
48 

47 50 

47 10 

46 11 

44 23 

42 44 

42 30 

42 28 

42 12 

41 35 

41 30 

40 46 

40 38 

40 30 

39 44 

39 21 

39 3 

38 37 

38 34 

37 48 

37 47 

37 45 

37 32 
37 

36 36 

35 41 

34 42 

34 14 

34 3 

33 8 

32 48 

32 44 

32 42 

32 14 

31 56 

31 33 

30 15 

29 19 

29 17 

25 54 



0«£J 

g a 



85° 6' 

68 85 

84 33 

66 59 

93 10 

75 1 

88 5 

73 11 

75 57 

72 17 

70 15 

71 29 

77 51 
91 

70 46 
87 55 

78 55 

73 45 

72 34 

71 4 
83 

87 38 

71 23 
81 36 

90 40 

73 57 

72 55 
70 6 
86 1 

74 1 

79 59 

75 10 
81 31 

76 36 

84 28 

77 1 
77 2 

85 40 

77 27 
76 18 

86 49 
83 54 
79 17 
90 

86 46 
81 2 

78 1 
81 58 

79 56 
81 5 

91 28 

88 2 
91 18 

87 13 
90 4 

81 19 
83 3 

82 28 

80 20 

81 48 



156 17 
147 

135 18 
97 
104 
110 36 

122 25 

123 49 
100 12 

124 29 
90 40 

94 3 
104 31 

93 37 

95 48 
112 6 

98 57 
122 5 

104 57 

94 48 

96 35 
90 16 

121 28 

122 27 
190 14 

94 45 

105 23 
119 40 
121 52 

106 2 

92 15 

96 38 
118 12 

98 40 
108 5 
114 36 
117 14 
106 15 

97 26 

93 32 
97 47 

94 47 
100 25 

97 26 



a a 



3-o 



660 

575 

728 

40 

820 

394 

620 

346 

266 

530 

20 

374 

500 

642 

50 

591 

600 

75 

267 

50 

562 

591 

150 

625 

528 

167 

60 

30 

625 

23 

850 

133 

630 

30 

582 

40 

60 

450 

172 

8 

533 

1,000 

670 

262 

600 

815 

20 

600 

25 

42 

264 

30 

41 

18 

20 

8 

35 

20 

20 

10 



700 

2,022 

2,663 

300 

50 

1,456 

50 

666 

880 

4,519 

830 

1,250 

4,320 

2,360 

674 

5,000 

896 

1,300 

481 

82 

130 

2,330 

1,000 

8,365 

402 

140 

6,846 

150 

645 

457 

1,600 

6,350 

200 

150 

3.937 

900 

100 

200 

1,000 
50 



Temperature in 
Degrees Fahr. 



N 

r>*~ 

p a I 

affl o 

•-a 



10.6 
11.1 
19.4 
22.4 
13.7 
18.4 
18.9 
20.5 

15.8 
22.8 
21.2 
26.9 
19.4 
24.9 
25.2 

24.3 

23.7 

27.8 

27 

23.6 

27.5 

22.8 
28.3 

34.9 

15.1 

30.2 

29.1 

32.1 

32.6 

30.9 

30 

28.3 

35.5 

35.8 

33.7 

36.5 

38.2 

30.5 

41.5 

41.7 

42 

49 

46.7 

48.1 

54.4 

62.3 

57.6 

53.5 

53.6 

55.3 

57 

55.6 

61.5 

66.4 

69.5 



-18.5 

-26.6 

32 

21.3 

16.5 

38.7 

43 

19.2 

48.4 

19.8 

19.6 

31 

27.4 

19.4 

27.1 

21.1 

44.2 

32 

28 

27.1 

31.4 

45.3 

49.6 

33.4 

32.9 

19.7 

47 

52.2 

31.4 

40 

42.9 

52.8 

42.8 

40.6 

56.4 

51.9 

44.5 

47.9 

50.6 

46.4 

48.1 

47.2 

60.4 



3 



57. 

62.5 

64.5 

62.3 

73.4 

68.4 

71.5 

69.9 

64.4 
68.2 
67.1 
69.9 
75.3 
67.1 
69.8 

72.1 

71 

71.6 

69.7 

70.8 

70.6 

76.5 
73.7 

71 

72.9 

74.8 

73 

74.7 

73.5 

75.2 

74.5 

76.7 

80 

74.6 

77.6 

78.2 

79.5 

74.1 

78.2 

79.9 

76.4 

81.5 
81.9 
80.1 
81.4 
81.3 
83.7 
81.8 
82.3 
82.9 
80.9 
81.3 
80.7 
82.1 
82.5 



36.1 

65.7 

55.5 

74.4 

73.6 

73.6 

64.2 

61.6 

76.9 

59.7 

75.2 

76.2 

74.7 

76.5 

75.9 

81.5 

73.5 

82.9 

78 

76.7 

83.7 

78.2 

73.9 

57.9 

79.2 

77.2 

63.5 

90.2 

68.5 

72.6 

80 

80.7 

75 

82.3 

75.1 

92.3 

T2.7 

83.4 

83.1 

82.2 

80.7 

83 

81 

84.2 



38.2 

37 

40.6 

43 

44.6 

43.6 

44.5 

45 

45.1 

40 

45.2 

44.5 

47 

47.6 

45.8 

46.4 

46.1 

48.2 

46.7 

48.9 

47.2 

46.7 

47.9 

48.9 

50.3 

50.7 

50.8 

50.4 

50.9 

61.7 

50.8 

52.7 

52.6 

53.1 

53.8 

55.1 

57.8 

54.9 

56.2 

59.9 

58.6 

55.7 

69.7 

60.8 

59.1 

67.1 

65.7 

64 

65.9 

67.4 

67.1 

70.3 

68.1 

68.7 

69.9 

69.6 

70.5 

71.9 

74.7 

76.4 



7.1 
16.8 
43.2 



48.2 
50.8 
52.2 
51.9 
53.6 
49.4 
47.4 
50.1 
49.7 
49.3 

47.7 

62.1 

48 

52.8 

56.6 

54.5 

59.9 

54.9 

54.6 

54.5 

41.1 

66 

55.3 

50.6 

62.3 

62.2 

62 

64 

54.8 

73.6 

62 

64 

65.7 

66.3 

66.7 

69.4 

67 

73.7 



M 



JO 
o 

a 



3 • 
So 

3« 



27.81 

36.45 

23.96 

40.09 

25.82 

28.63 

34.62 

34.15 

36.73 

40.32 

43.63 

40.99 

32.56 

35 

29.88 

30.40 

33.84 

40.52 

43.90 

39.40 

30.05 

33 

41.38 

37.61 

38 

47.65 

44.43 

41.10 

37.34 

44.59 

47.68 

35.55 

42.55 

40.84 

44.87 

41.05 

45.02 

48.12 

38.29 

47.04 

52.02 

39.76 

42.71 

45.46 

54.88 

47.17 

46.01 

24.20 

41.92 

48.32 

53.55 

64.42 

60.16 

59.27 

51.05 

43.16 

45.77 

51 

59.04 

36.23 



83 
15 
11 

12.50 
43.98 
86.35 
13.51 
70.59 
83.47 
26.82 
15.16 
23.94 
29 

28.85 
25.25 
29.11 
16 

31.74 
23.62 
42.48 
19.59 
23.50 
23 

42.15 
17.06 
18.99 
12.20 
17 
47 

38.04 
13 

28.05 

19.46 

3.46 

9.16 

8.42 

40.58 

54 

30.50 
42 

22.38 
37 



TABLE OF MEAN TEMPERATURE AND RAINFALL IN THE WORLD 



Names or Places. 



EUROPE. 



Hammerfeat, Norway . . 
Archangel, Russia . . . 
Reykjavik, Iceland . . . 
Bergen, Norway . . . . 
St. Petersburg, Russia . 
Christiania, Norway . . 
Ekaterinburg, Russia . . 
Edinburg, Scotland . . . 
Moscow, Russia . . . . 
Bremen, German Empire 
Dublin, Ireland . . . . 
Berlin, Prussia . . . . 
Warsaw, Poland . . . . 
London, England . . . 
Brussels, Belgium . . . 

Paris, France 

Vienna, Austria . . . . 
Odessa, Russia . . . . 
Astrakhan, Russia . . . 

Lyon, France 

Milan, Lombardy, Italy . 
Bordeaux, France . . . 
Belgrade, Turkey . . . 
Florence, Italy . . . . 
Constantinople, Turkey . 

Madrid, Spain 

Lisbon, Portugal . . . . 

Naples, Italy 

Athens, Greece . . . . 



AFRICA. 



<t 
<« 



Algiers, Algeria .... 
Funchal, Madeira . . . 

Cairo, Egypt 

Kuka, Bornu 

ChrisUansborg, Guinea . 

Gondokoro 

Zanzibar 

St. Helena 

Port D'Urban, Natal . . 
Cape Town, Cape Colony 



ASIA. 

Ust Tansk, Siberia 

Yakutsk, 

Okhotsk, 

Tobolsk, 

Barnaul, 

Petropaulovski, Kamchatka 

Irkutsk, Siberia 

Tiflis 

Peking, China 

Baghdad, Asiatic Turkey . 
Nagasaki, Kiusiu, Japan . . 
Jerusalem, Syria .... 

Canton, China 

Calcutta, India 

Bombay, Deccau .... 
Manila, Philippine Islands . 

Bangkok, Siam 

Aden, Yemen 

Trivandrum, Deccan . . . 

Kandy, Ceylon 

Singapore 

Amboyna, Molucca Islands . 
Batavia 



POLYNESIA AND AUSTRALIA. 

Honolulu, Sandwich Islands . . 

Raiatea, Society Islands . . . . 

Freemantle, West Australia . . 

Sydney, New South Wales . . . 

Adelaide, South Australia . . . 

Auckland, New Zealand . . . . 

Wellington, New Zealand . . . 



NORTH AMERICA. 



Upernavik, Greenland 

Fort Simpson, British N. America 
Assinibolne, Manitoba .... 
St. John's, Newfoundland . . . 

Montreal, Pr. Quebec 

Windsor, Nova Scotia 

St. George, Bermudas 

Matamoras, Mexico 

Havana, Cuba 

Mexico, Mexico 

Vera Cruz, Mexico 

St. Thomas, West Indies .... 
Balize, British Honduras. . . . 
Guatemala, Central America . . 

SOUTH AMERICA. 

Maracaibo, Venezuela 

Georgetown, British Guiana . . 
Bogota, United States of Columbia 

Quito, Ecuador 

Para, Brazil 

Lima, Peru 

Rio Janeiro, Brazil 

Asuncion, Paraguay 

Valparaiso, Chili 

Montevideo, Uruguay 

Falkland Islands 



Position or Stations. 



9 3 

a o 



70* 40* 

64 33 

64 8 

60 24 

59 57 

59 55 

56 50 

55 58 

55 45 

53 5 

52 21 

52 30 

52 13 

51 30 

50 51 

48 80 

48 12 

46 25 

46 21 

45 45 

45 28 

44 51 

44 50 

43 47 

41 7 

40 25 

38 48 

38 11 

37 58 



36 47 

82 38 

30 2 

13 10 

5 24 

4 44 

- 6 28 

-15 55 

-29 40 

-33 56 



70 55 

62 2 

59 21 

58 2 

53 20 
53 

52 17 

41 41 

39 54 

33 21 

32 45 

31 47 

23 8 

22 38 

18 56 

14 36 

13 40 

12 46 

8 81 

7 17 

1 17 

-3 41 

-6 9 



21 16 
-16 40 
-32 15 
-33 40 
-34 35 
-36 50 
-41 16 



72 48 

61 51 
50 

47 37 

45 50 

44 59 

32 23 

25 52 

23 9 

19 30 

19 12 

18 21 

17 29 

14 40 



10 43 

6 49 

4 36 

- 14 

- 1 28 
-12 3 
-22 24 
-25 16 
-33 2 
-34 54 
-52 



2°~ 



23*46 / 

40 84 

-21 55 

5 18 
80 18 
10 43 
60 34 

3 11 

87 34 

8 49 

6 16 
13 3 
21 1 

- 5 
22 



4 
2 



48 

4 
9 



20 



16 22 
30 44 



5 

49 

21 

- 34 

20 25 

11 15 

28 59 

-3 41 

-9 8 

15 34 

23 50 



3 5 

-16 56 

31 15 

14 30 

10 

31 40 

39 30 

-5 43 

31 

18 29 



138 24 

129 45 

143 11 

88 16 

103 27 
158 42 

104 11 
44 50 

116 26 

44 22 
129 52 

35 14 

113 16 

88 20 

72 54 
129 

10 1 

45 15 
77 

80 49 

103 50 

128 15 

106 53 



•157 59 
-160 
116 30 
151 

138 45 
174 51 
174 47 



-55 40 

-120 25 

-97 8 

-52 43 

-77 52 

-64 7 

-64 50 

-97 27 

-82 13 

-99 1 

-96 9 

-64 56 

-88 73 

-90 28 



-71 52 

-58 12 

-74 14 

-78 46 

-48 29 

-77 8 

-43 16 

-57 41 

-76 24 

-56 13 
-61 



a > 



3 



< 



38 



79 
852 
354 
490 
19 
19 
153 
325 

193 
121 
637 
157 
-36 
936 
392 
42 
266 
234 
160 
1,327 
321 
222 
393 



65 
85 



1,760 



299 

13 

878 

300 

1,270 
1,487 



28 
2,610 

83 



199 
1,790 



300 
639 

266 
213 

55 

7,450 



4,960 



8.600 
9,543 

564 

262 

32 



Temperature in 
Degrees Fahr. 



6 

N 

3 .2 f 

»-3 



22.5 

7 
80 
85 
15.5 
21.31 

2.3 
37.4 
11.9 
29.6 
40.4 
28.1 
21.5 
37.4 
36 
35.4 
28.9 
26.1 
19.9 
36.3 
33.3 
42.4 
83.3 
40.8 
40.4 
44.7 
48.6 
46.8 
45.5 



59.1 

63.6 

56.3 

75.7 

81.1 

89.4 

83.3 

64 

76.2 

67.6 



-38.5 
-41.3 
-11.6 

- 2.9 
-4.4 

20.3 

- 6.5 
32.4 
25.8 
48.6 
42.3 
46.7 
52.6 
71.7 
73.3 
77.1 
76.7 
72.6 
78 
70.6 
78.4 
80.5 
78.7 



71.7 
78.7 
70.8 
71.7 
84.4 
67.9 
66.4 



-12.3 
-12.5 
- 2.9 
23.4 
15 
25.1 
65.7 
60.4 
71.4 
52.5 
71 
80.8 
75 
65 



81.3 

78.4 

67 

58.2 

80.1 

78.1 

79.6 

36.5 

66 

73 

56 



3 



53.2 

61.5 

56.2 

60.4 

62.5 

61 

63.8 

58.5 

67.8 

64.6 

58.2 

66.2 

64.3 

64.1 

64.8 

65.6 

69.5 

71.5 

77.9 

70.6 

74.5 

69.1 

76.6 

76.3 

74.1 

76.3 

69.8 

76.4 

79.5 



80.4 

72.5 

85.6 

83.6 

77.1 

78.4 

77.1 

58 

59 

54.4 



52.6 

63.2 

54.6 

63.4 

67.5 

58.1 

64.9 

75.6 

79.9 

93.2 

79.3 

76.4 

83 

84.2 

80.7 

80.3 

82 

83.4 

78 

72.5 

82.2 

77 

78 



78.9 

75.7 

67 

49.8 

54.2 

49 

48.7 



38.5 

61 

69.6 

56 

73.2 

63.5 

82.4 

84.2 

81.4 

65.3 

81.5 

82.7 

82 

68.9 



86.6 

79 

56.2 

59.1 

81.5 

68.5 

70.6 

65.1 

57.3 

51.8 

37.4 






35.5 

33.5 

39.4 

46.8 

38.8 

41.1 

33.2 

47.1 

40.4 

48.1 

48.4 

48.2 

44.3 

50.8 

50.3 

51.3 

50.2 

49.2 

49.2 

52.4 

54.6 

55.1 

54.2 

67 

57.6 

58 

59.5 

69.9 

62.4 



69.1 
67.6 
71.3 
88.3 
80.4 
83.1 

61.4 
67.8 
60.7 



2.8 
12.4 
23.1 
33 
32.3 
37 
30.7 
55 
54.6 
73.6 
61 
63.6 
69.9 
81.1 
79.8 
79.5 
81.1 
80.2 
79.2 
72.7 
80.7 
79.1 
78.8 



75.4 
78.4 
62.7 
61.3 
68.4 
58.6 
58.3 



12 

25.7 

85.3 

38.3 

44.6 

41.9 

72.7 

73.6 

77.1 

60.7 

77.7 

82.3 

79.5 

67.8 



84.7 
79.5 
57.7 
60.1 
80.6 
73.3 
75.2 
74.3 
60.6 
62.1 
47.2 



£ 



m a 

« . 

2 a 

3" 



31 
88 
18 
21 
13 
19 
21 
24 
29 
23 
23 
19 
29 
23 
18 
14 
5 
31 
38 
26 
26 
35 
29 
18 
27 
31 
10 



36 
28 

33 
144 

107 
48 

19 



9 

18 
9 



19 

24 

6 



78 
68 
84 



69 
82 
90 

149 



22 

35 
83 
22 

48 



63 
42 
29 
59 
87 
40 

188 
85 
72 
65 



100 
74 

71 

53 

48 



Note. — The altitudes given above refer to the position of the Instruments used in observation. 



■ 



I 



*»• 



:? 



*v 




